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S Y M P O S I U M

Management of non-ST-segment elevation  
acute coronary syndromes

Introduction
Sandeep Nathan

Am J Health-Syst Pharm. 2010; 67(Suppl 7):S3-6

While it was once believed that 
the primary physiological 
function of platelets was me-

diation of cellular hemostasis, it is 
now understood that activated plate-
lets have a crucial role in the patho-
biology of a variety of processes, 
including inflammation, leukocyte 
adhesion, progression of athero-
sclerosis, and pathological vascular 
thrombosis.1 Fundamentally, acute 
coronary syndromes (ACS) may be 
regarded as platelet-centric diseases, 
as it has been demonstrated that ac-
tivation and aggregation of platelets 
play central roles in the genesis of 
ACS. 

Platelet activation comprises a 
complex cascade involving multiple 
interwoven biological processes and 
distinct mechanisms.2 Vascular in-
jury resulting from spontaneous rup-
ture of a vulnerable atherosclerotic 
plaque or iatrogenic disruption of the 
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vascular endothelium due to percu-
taneous coronary intervention (PCI) 
leads to activation of the coagulation 
and platelet cascades. Acute vascular 
injury exposes subendothelial colla-
gen and tissue factor to the circulat-
ing blood pool. Platelets adhere to the 
exposed subendothelium through the 
interaction of bound proteins with a 
variety of platelet surface receptors. 
Importantly, von Willebrand factor 
participates in the initial tethering 
sequence via binding of the platelet 
surface glycoprotein (GP) Ib/V/IX 
receptor complex. Collagen interacts 
similarly with GPs VI and Ia. Platelets 
become activated upon contact with 
collagen, as well as a variety of other 
agonists, with resultant secretion of 
platelet granule contents and aggrega-
tion via crosslinking of activated GP 
IIb/IIIa (integrin a

IIb
b

3
) complexes 

with soluble fibrinogen. Once activat-
ed, platelets also acquire an enhanced 

capacity to catalyze interactions be-
tween activated coagulation factors, 
thus promoting the generation of 
thrombin, which, in turn, converts the 
soluble protein fibrinogen to fibrin, 
resulting in thrombus formation.1,3 
Exposed tissue factor independently 
triggers the generation of minute 
amounts of thrombin (Factor IIa), 
which, in turn, results in a subsequent 
explosive generation of thrombin 
and further platelet activation.2,4-6 Via 
degranulation, the activated platelet 
also releases a variety of agonists, 
such as adenosine diphosphate (ADP) 
and thromboxane A

2
, which further 

amplify platelet activation and ag-
gregation. The net result is a cycle of 
vascular injury, inflammation, and 
occlusion, in which coagulation fac-
tor assembly and activation occurs 
in a complementary and synergistic 
fashion with platelet activation and 
aggregation.2,5
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The clinical presentation of a pa-
tient with atherothrombosis is largely 
determined by the extent of vascular 
thrombosis, the degree of obstruc-
tion to coronary blood flow, and the 
presence or absence of collateral flow 
to the vascular territory involved. As 
such, there is considerable common-
ality and overlap in the pathobiology 
of non-ST-segment elevation ACS 
and ST-segment elevation myo-
cardial infarction (STEMI). While 
large-scale clinical trial data would 
suggest a fairly broad and uniform 
benefit associated with antiplatelet 
therapy in the setting of ACS, more 
recent observations suggest that high 
on-treatment platelet reactivity is a 
quantifiable and modifiable risk fac-
tor for recurrent atherothrombosis 
in these patients. Optimal manage-
ment of ACS, therefore, involves a 
number of considerations regarding 
the suppression of platelet activity 
(Figure 1).

In patients with ACS, early treat-
ment with agents that provide 
predictable and therapeutically 
adequate levels of platelet inhibition 
should be a primary management 
goal. Currently available and inves-
tigational oral antiplatelet agents 

target various pathways in the cas-
cade of events that occur following 
vascular injury. Aspirin, an indirect 
thromboxane inhibitor, has been 
a mainstay in the management of 
ACS patients.1 The potentially ben-
eficial effects of aspirin used in this 
capacity include antiinflammation, 
antioxidation, and irreversible inhi-
bition of the platelet cyclooxygenase 
(COX)-1 enzyme.7 However, com-
pared with other available agents, as-
pirin is a rather modest inhibitor of 
platelet aggregation, and this agent is 
typically used in combination with 
other antiplatelet drugs. 

The ADP P2Y12 receptor, one 
of three important platelet surface 
purinoreceptors, appears to serve 
as a gateway for platelet activation, 
as well as conformational activation 
of a variety of other receptors. The 
P2Y12 receptor plays a role in the 
mediation of the GP IIb/IIIa recep-
tor complex, as well as the protease-
activated receptors (PARS) 1 and 
4. Several currently available oral 
antiplatelet agents, along with other 
agents that are under investigation, 
bind and inhibit the P2Y12 receptor.

Clopidogrel is a thienopyridine 
ADP-receptor antagonist which irre-

versibly binds to the P2Y12 receptor. 
Compared with aspirin, clopidogrel 
monotherapy was initially shown 
to be more efficacious in reducing 
ischemic risk in stable patients with 
atherosclerosis.8 Subsequent trials 
demonstrated a significant reduction 
in the number of both short-term 
and long-term ischemic events with 
the addition of clopidogrel to aspirin 
in ACS patients.5 Dual antiplatelet 
therapy with clopidogrel and aspirin 
has long been considered the gold 
standard of oral antiplatelet therapy 
in secondary prevention of major 
cardiovascular events.9 More recent 
investigations have revealed, how-
ever, that clopidogrel is associated 
with variable responses and a delayed 
onset of action (i.e., 2–6 hours for 
a 600-mg loading dose and 12–24 
hours for a 300-mg loading dose) in a 
significant proportion of treated pa-
tients. These limitations have led to 
concerns regarding clopidogrel’s ef-
ficacy and the development of more 
potent and predictable antiplatelet 
agents.10 

Prasugrel is also a thienopyridine 
ADP-receptor antagonist that irre-
versibly binds to the P2Y12 receptor. 
Compared with clopidogrel, prasug-

Figure 1. Questions surrounding the management of acute coronary syndromes (ACS) with antiplatelet therapy.

High 
platelet reactivity: 
A quantifiable and 

modifiable risk 
factor

What is the range of antiplatelet 
effect with oral P2Y12 inhibitors?

What is the rationale for 
use of antiplatelet therapy?

Does laboratory identification 
and treatment of high platelet 
reactivity benefit the patient?

Which antiplatelet therapies offer 
optimal outcomes in the ACS patient?

Can increasing the dose or adding a 
newer P2Y12 inhibitor impact high 

residual platelet reactivity?

What is the clinical relevance 
of on-treatment residual 

platelet reactivity?

What is the importance of 
platelet reactivity and 

inhibition in ACS?
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rel has a more rapid onset of action 
(i.e., 1–2 hours for a 60-mg loading 
dose) and greater potency.11 While 
both agents are prodrugs, more ef-
ficient conversion of prasugrel to its 
active metabolite relative to that of 
clopidogrel results in higher levels 
of inhibition of platelet aggregation 
with lower interpatient variability.12,13 
Results of clinical trials comparing 
prasugrel with standard-dose and 
high-dose clopidogrel have shown 
greater clinical efficacy with the use 
of prasugrel in ACS patients under-
going PCI.11,14 

The investigational oral agent 
ticagrelor is an ADP-receptor antago-
nist that differs from clopidogrel and 
prasugrel in that it is a directly active 
and reversible P2Y12 inhibitor. Since 
ticagrelor is not a prodrug, it has a 
more rapid onset of action (i.e., 0.5–2 
hours for a 180-mg loading dose) 
and yields more pronounced plate-
let inhibition than clopidogrel.15,16 
Evidence indicates that ticagrelor is 
more efficacious than clopidogrel in 
reducing ischemic events in patients 
with ACS who are being managed in 
a contemporary, aggressive fashion.17 
A new drug application for ticagrelor 
was submitted to FDA in November 
2009.

The management of patients with 
ACS is becoming increasingly more 
complex with the proliferation of 
new therapeutic options. The Ameri-
can College of Cardiology and the 
American Heart Association have 
published numerous guidelines to 
aid in the management of patients 
with ACS (non-ST-segment eleva-
tion and STEMI), as well as those un-
dergoing PCI or stent placement.18,19 
Focused updates to joint guidelines 
for the management of patients 
with STEMI/PCI were recently pub-
lished, and these updated guidelines 
also provide recommendations for 
the management of unstable angina/ 
non-STEMI patients selected for an 
invasive approach.20 Health-system 
pharmacists must be aware of these 
guidelines and the benefits and risks 

associated with oral antiplatelet agents, 
and apply these insights when mak-
ing recommendations for managing 
patients in need of antiplatelet therapy. 

The first article of this supplement 
discusses the role of oral antiplatelet 
therapies in the management of ACS 
patients and those who have under-
gone PCI and stenting, as well as the 
importance of balancing the efficacy 
and risk of bleeding when using these 
agents. This article also reviews the 
major clinical trials evaluating cur-
rently available and investigational 
oral antiplatelet therapies for manag-
ing ACS and discusses the guidelines 
for antiplatelet use in various pa-
tients with ACS. The second article  
focuses on optimizing efficacy, man-
aging drug interactions, and control-
ling bleeding risk in patients with 
ACS and after PCI who are receiving 
oral antiplatelet agents. The second 
article will also discuss pharmacoge-
netics, complications that may occur 
with stenting, adverse events associ-
ated with antiplatelet use, response 
variability, and the possible need for 
monitoring. The last article discusses 
the case of a 55-year-old woman who 
arrives at the emergency department 
after three days of progressive sub-
sternal chest pain, and will review the 
patient’s history, differential diagno-
sis, and appropriate management.
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Antiplatelet therapies are the cor-
nerstone of treatment for acute 
coronary syndromes (ACS) and 

following percutaneous coronary in-
tervention (PCI) with stent implan-
tation. In patients with ACS, dual 
antiplatelet therapy with clopidogrel 
and aspirin has been considered 
the gold standard for reducing car-
diovascular (CV) events.1 However, 
limitations have been observed with 
the use of clopidogrel (e.g., delayed 
onset of action, variable response), 
leading to concerns regarding its use 
and the subsequent development of 
more potent oral antiplatelet agents.2 
Prasugrel, a new oral thienopyridine 
with greater potency and less anti-
platelet variability than clopidogrel,3 
was approved by the Food and Drug 
Administration (FDA) in July 2009.4 
Additionally, promising results have 
been observed in clinical trials of 
ticagrelor, another oral antiplatelet 
agent that has shown greater platelet 
inhibition compared with that of 
clopidogrel.5 These new agents may 
lead to improved patient outcomes, 
as net clinical benefit has been ob-

Purpose: The benefits and risk of bleeding 
associated with oral antiplatelet agents used 
for acute coronary syndrome (ACS) or in pa-
tients who have undergone percutaneous 
coronary intervention (PCI) are discussed.
Summary: Over the past decade, sig-
nificant advances have been made with 
the use of oral antiplatelet agents in ACS 
patients and in those undergoing PCI and 
stenting. Dual antiplatelet therapy with 
clopidogrel and aspirin has been consid-
ered the gold standard for reducing cardio-
vascular events in these patients. However, 
use of clopidogrel has limitations, including 
variable patient response. These limitations 
can affect patient outcomes achieved with 
clopidogrel, leading to concerns regarding 
its use. Subsequently, more potent oral 
antiplatelet agents have been developed, 
including prasugrel and ticagrelor. Prasu-
grel is an oral thienopyridine with greater 
potency and less antiplatelet variability 
than clopidogrel. Ticagrelor, another oral 
antiplatelet agent that has shown greater 

platelet inhibition than clopidogrel, is 
currently under investigation. Although a 
greater reduction in ischemic events has 
been observed with dual antiplatelet ther-
apy and the use of newer oral antiplatelet 
agents, there is also a progressive increase 
in the risk of major bleeding. Treatment de-
cisions should be based on current practice 
guidelines, as well as individualized patient 
risk and benefit analyses.
Conclusion: Knowledge of the benefits 
and bleeding risks associated with oral 
antiplatelet agents, as well as guideline rec-
ommendations, can help health care pro-
viders make informed decisions regarding 
the most appropriate therapy for patients 
after ACS and PCI.

Index terms: Acute coronary syndrome; 
Angioplasty; Aspirin; Clopidogrel; Hemor-
rhage; Platelet aggregation inhibitors; Pra-
sugrel; Protocols; Stents; Ticagrelor; Toxicity
Am J Health-Syst Pharm. 2010; 67(Suppl 
7):S7-17

served with increasingly potent oral 
antiplatelet regimens.

As the spectrum of available oral 
antiplatelet agents continues to ex-

pand, health-system pharmacists 
are faced with formulary questions 
regarding the best use of these agents, 
including what is the most appro-
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priate therapy for a specific patient, 
given the inclusion and exclusion 
criteria of comparative clinical tri-
als balanced against bleeding risk; 
when and where should therapy be 
initiated, whether early in the emer-
gency department or in the cardiac 
catheterization laboratory after the 
coronary anatomy is known; and, as 
the patient is transitioned to home, 
what is the optimal duration of use?6 
A greater reduction in the number of 
ischemic events has been observed 
with dual antiplatelet therapy and the 
use of newer oral antiplatelet agents, 
but these treatments have been asso-
ciated with a progressive increase in 
the risk of major bleeding.

Oral antiplatelet therapies for ACS
In patients with ACS (ST-segment- 

elevation myocardial infarction 
[STEMI] and unstable angina [UA]/
non-STEMI [NSTEMI]) and in those 
undergoing PCI, appropriate oral an-
tiplatelet therapy is necessary to re-
duce the risk of CV death, myocardi-
al infarction (MI), and stroke, as well 
as to prevent reinfarction and stent 
thrombosis. Currently available oral 
antiplatelet therapies for ACS include 
aspirin, clopidogrel, and prasugrel; 
ticagrelor is under investigation.

Guideline recommendations. 
Dual antiplatelet therapy with aspi-
rin and a thienopyridine is recom-
mended for both patients undergo-
ing elective PCI and in patients with 
ACS who are being treated medically 
or undergoing PCI. The 2009 joint 
American College of Cardiology/
American Heart Association/Society 
for Cardiovascular Angiography and 
Interventions (ACC/AHA/SCAI) 
STEMI/PCI focused update guide-
lines7 recommend administration of 
either clopidogrel (300-mg or 600-
mg loading dose) as early as possible 
before or at the time of primary or 
nonprimary PCI, or prasugrel (60-
mg loading dose) as soon as possible 
for primary PCI in STEMI patients 
undergoing planned PCI (Class I 
recommendation). After stent place-

ment, patients with ACS should 
receive either clopidogrel (75 mg/
day) or prasugrel (10 mg/day) for at 
least 12 months (Class I recommen-
dation) and for up to 15 months 
(Class IIb recommendation). In  
UA/NSTEMI patients selected for an 
invasive approach, these guidelines 
recommend administration of clopi-
dogrel (300 mg or 600 mg) before 
or at the time of PCI, or prasugrel 
(60 mg) at the time of PCI (Class I 
recommendation). Therefore, for 
patients with STEMI undergoing 
primary PCI, either clopidogrel 
or prasugrel is recommended, ad-
ministered either in the emergency 
department or in the cardiac cath-
eterization laboratory. For patients 
undergoing PCI for UA/NSTEMI, 
clopidogrel may be administered 
either in the emergency department, 
hospital ward, or cardiac catheteriza-
tion laboratory, and administration 
of prasugrel should be reserved for 
the cardiac catheterization laboratory 
after coronary anatomy is known.

In patients undergoing coronary 
artery bypass grafting (CABG), 
clopidogrel should be withheld for 
at least 5 days and prasugrel for 
at least 7 days, unless the need for 
revascularization, the net benefit 
of thienopyridine therapy, or both 
outweigh the potential risks of excess 
bleeding. The 2009 joint STEMI/
PCI focused update guidelines do 
not explicitly recommend use of one 
thienopyridine over the other in pa-
tients without contraindications.7 

The 2007 ACC/AHA guidelines 
for the management of UA/NSTEMI 
recommend administration of as-
pirin (162–325 mg) during PCI in 
patients who did not receive aspirin 
therapy as initial medical treatment.8 
Following PCI, aspirin (162–325 mg/
day) should be continued for at least 
1 month in patients with a bare- 
metal stent, 3 months in patients with 
a sirolimus stent, and 6 months in 
those with a paclitaxel stent, followed 
by aspirin (75–162 mg/day) indefi-
nitely. In patients in whom there is a 

concern of bleeding, a lower dosage 
of aspirin (75–162 mg/day) can be 
used initially after PCI. In patients 
with definite or likely UA/NSTEMI 
selected for an invasive approach, the 
initiation of aspirin is recommended 
on presentation.7 

In stable patients undergoing 
elective PCI, the 2007 PCI focused 
update recommended the use of 
aspirin (75–325 mg) before PCI in 
patients taking daily aspirin therapy.9 
Patients who are not on daily long-
term aspirin therapy should receive 
aspirin (300–325 mg) at least 2 hours 
(preferably 24 hours) before PCI. 
After PCI, aspirin (162–325 mg/day) 
should be continued for at least 1 
month in patients with a bare-metal 
stent, 3 months for a sirolimus stent, 
and 6 months for a paclitaxel stent, 
followed by aspirin (75–162 mg/day) 
indefinitely. 

Clinical trials. Numerous studies 
have been undertaken to determine 
the optimal use of clopidogrel in pa-
tients with ACS and in those under-
going PCI. The definitions of bleed-
ing used in these trials are provided 
in Appendix A.5,10-18

Dual antiplatelet therapy. The 
Clopidogrel in Unstable Angina to 
Prevent Recurrent Events (CURE) 
trial evaluated the use of single an-
tiplatelet therapy versus dual anti-
platelet therapy in ACS patients with-
out ST-segment elevation.10 Patients 
who presented within 24 hours after 
symptom onset were randomized to 
receive clopidogrel (300-mg dose im-
mediately, followed by 75 mg/day) or 
placebo, in addition to aspirin, for 3 
to 12 months. Results demonstrated 
a 20% relative risk reduction in the 
composite outcome of nonfatal MI, 
stroke, or death from CV causes with 
the use of clopidogrel compared with 
placebo at 12 months (p < 0.001). 
Overall, there were 582 (9.3%) first 
events in the clopidogrel group and 
719 (11.4%) in the placebo group (p 
< 0.001). The benefit of clopidogrel 
was apparent within a few hours after 
randomization. By 24 hours after 
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randomization, the rate of death 
from CV causes, nonfatal MI, stroke, 
or refractory or severe ischemia was 
significantly lower in patients receiv-
ing clopidogrel (1.4%) compared 
with placebo (2.1%). Clopidogrel use 
was associated with an increased risk 
of bleeding (Appendix A). Dual anti-
platelet therapy with clopidogrel and 
aspirin was well tolerated and im-
proved patient outcomes compared 
with aspirin alone.

Clopidogrel therapy before and af-
ter PCI. The PCI-CURE trial further 
evaluated a subset of patients from 
the CURE trial who were undergoing 
PCI to determine whether pretreat-
ment followed by long-term therapy 
with clopidogrel was superior to no 
pretreatment and short-term thera-
py.19 Patients with NSTEMI were 
randomly assigned to receive double-
blind treatment with clopidogrel or 
placebo, in addition to aspirin, for 
a median of 6 days before PCI. In 
both treatment groups, more than 
80% of patients received open-label 
thienopyridine therapy for approxi-
mately 4 weeks after PCI. The study 
treatment (clopidogrel or placebo) 
was then restarted and continued for 
a mean of 8 months. 

The primary endpoint of the 
PCI-CURE trial was a composite of 
MI, CV death, or urgent target-vessel 
revascularization within 30 days of 
PCI.19 Results showed that clopi-
dogrel use was associated with an 
overall relative risk reduction of 31% 
in CV death or MI compared with 
placebo (p = 0.002), which included 
events that were prevented before 
and after PCI. The primary endpoint 
occurred in 4.5% of patients receiv-
ing clopidogrel and 6.4% of those in 
the placebo group (p = 0.03). After 
PCI, long-term clopidogrel use was 
associated with a reduced rate of CV 
death or MI (p = 0.047), as well as CV 
death, MI, or any revascularization  
(p = 0.03). At follow-up, no signifi-
cant difference in major bleeding was 
observed between the groups. The 
investigators concluded that in ACS 

patients who are receiving aspirin, 
clopidogrel pretreatment followed by 
long-term therapy after PCI is ben-
eficial for reducing major CV events 
compared with placebo.19 

Timing of the clopidogrel loading 
dose. While assessing the efficacy and 
safety of clopidogrel (300-mg load-
ing dose followed by 75 mg/day for 
28 days or 1 year), the Clopidogrel 
for the Reduction of Events During 
Observation (CREDO) trial investi-
gators evaluated the timing of load-
ing dose administration to determine 
if this could affect patient out-
comes.20 The mean duration between 
the administration of the study drug 
loading dose and PCI was 9.8 hours; 
51% of patients received the loading 
dose between 3 and less than 6 hours 
before PCI and 49% were given the 
loading dose between 6 and 24 hours 
before PCI. Results demonstrated no 
treatment benefit in patients who 
received the clopidogrel loading dose 
3 to <6 hours before PCI. However, 
a 38.6% relative risk reduction in 
the composite endpoint of death, 
MI, or urgent target vessel revascu-
larization at 28 days was observed 
in patients who received clopidogrel 
pretreatment ≥6 hours before PCI  
(p = 0.051). Subgroup analyses in-
dicate that a longer interval between 
the loading dose and PCI may reduce 
the rate of death and ischemic events.

Higher versus lower clopidogrel 
loading dose. Early studies of clopi-
dogrel evaluated the use of a 300-mg 
loading dose. However, an earlier 
and stronger inhibition of adenosine 
diphosphate (ADP)-induced platelet 
activation has been observed with 
a 600-mg dose of clopidogrel com-
pared with a 300-mg dose,21 with 
observational data suggesting a reduc-
tion in 30-day cardiac events with the 
higher dose of clopidogrel.22 Several 
trials have been undertaken to evalu-
ate whether a higher loading dose of 
clopidogrel produces better outcomes 
in patients undergoing PCI.

The Antiplatelet therapy for Re-
duction of Myocardial Damage 

during Angioplasty (ARMYDA-2) 
trial evaluated the effect of a 300- 
mg versus a 600-mg loading dose of 
clopidogrel on the primary endpoint 
of MI, target vessel revasculariza-
tion, or 30-day occurrence of death 
in patients undergoing PCI.23 The 
investigators observed antiplatelet 
effects by measuring creatine kinase 
MB, troponin I, and myoglobin lev-
els at baseline and at 8 and 24 hours 
after clopidogrel administration. 
In this study, the primary endpoint 
occurred in 4% of patients receiv-
ing the higher clopidogrel loading 
dose compared with 12% of those 
receiving the conventional loading 
dose (p = 0.041). These results were 
entirely due to the occurrence of 
periprocedural MI (15 events in the 
300-mg treatment group; 5 events 
in the 600-mg treatment group). 
Multivariate analysis demonstrated a 
50% reduction in the risk of MI with 
the high loading-dose regimen (p = 
0.044). Through 30 days, target vessel 
revascularization occurred in one pa-
tient (600-mg group) and there were 
no deaths. In this study, high-dose 
clopidogrel was not associated with 
bleeding complications.

The Clopidogrel Loading With 
Eptifibatide to Arrest the Reactivity 
of Platelets (CLEAR PLATELETS) 
trial evaluated the comparative ef-
ficacy of two different loading doses 
of clopidogrel (300-mg and 600-mg) 
alone and in combination with the 
glycoprotein (GP) IIb/IIIa inhibitor 
eptifibatide to address the limitations 
observed with the 300-mg loading 
dose of clopidogrel.24 Clopidogrel 
was administered immediately after 
stenting. Results showed that the ad-
dition of eptifibatide to clopidogrel 
600-mg produced a ≥2-fold increase 
in platelet inhibition at 3, 8, and 
18–24 hours following stenting com-
pared with clopidogrel 600-mg alone 
(p < 0.001), as measured by 5 mmol/L 
of ADP-induced aggregation. Treat-
ment with 600 mg of clopidogrel 
produced better platelet inhibition 
than 300 mg of clopidogrel at all time 
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points (p < 0.001). Maximum plate-
let inhibition induced by 600 mg of 
clopidogrel alone was observed at 8 
hours after the procedure.

The more recent Clopidogrel op-
timal loading dose Usage to Reduce 
Recurrent Events-Organization to 
Assess Strategies in Ischemic Syn-
dromes (CURRENT-OASIS) 7 study 
evaluated the efficacy and safety of 
higher versus standard dosages of 
clopidogrel and aspirin in more 
than 25,000 ACS patients with 
UA/NSTEMI (70.8%) and STEMI 
(29.2%).14 These patients were man-
aged with an early invasive strategy 
with intent for PCI as early as pos-
sible, but no later than 72 hours after 
randomization. This large factorial 
study compared high-dose clopido-
grel (600-mg loading dose followed by 
150 mg/day on days 2-7, then 75 mg/
day) with the standard-dose regimen 
(300-mg loading dose followed by 75 
mg/day) initiated as soon as possible 
and before PCI for preventing the 
composite of CV death, MI, or stroke 
at 30 days. The same composite end-
point was assessed in an evaluation of 
high-dose aspirin (300–325 mg/day) 
versus a lower daily dosage (75–100 
mg/day). The safety of each regimen 
was evaluated as well.

Results of the CURRENT-OASIS 
7 trial were presented at the 2009 Eu-
ropean Society of Cardiology (ESC) 
Meeting.25 Among the 25,000 ACS 
patients enrolled in this study, ap-
proximately 17,000 underwent PCI. 
A significant difference in outcomes 
was observed among patients who 
underwent PCI versus those who 
did not. In the overall population, 
the composite of CV death, MI, or 
stroke occurred in 4.2% of patients 
receiving high-dose clopidogrel 
therapy compared with 4.4% in the 
standard-dose group (p = 0.370). 
However, in patients who underwent 
PCI, a 15% reduction in the risk of 
CV death, MI, or stroke was observed 
in the high-dose clopidogrel group 
compared with patients receiving the 
standard-dose regimen (p = 0.036). A 

reduction in the rate of MI was also 
observed with high-dose clopidogrel 
(2.0%) compared with the standard-
dose regimen (2.6%) in patients who 
underwent PCI (p = 0.012). Addi-
tionally, a 42% relative risk reduction 
in stent thrombosis was observed in 
patients receiving high-dose clopi-
dogrel versus the standard-dose regi-
men (p = 0.001). For aspirin therapy, 
no difference in outcome was ob-
served with the use of high-dose as-
pirin compared with the lower-dose 
regimen, and this outcome was not 
affected by the use of PCI.

High-dose clopidogrel was as-
sociated with an increase in major 
bleeding (Appendix A) compared 
with standard-dose clopidogrel in 
the overall study population (2.5% 
versus 2.0%; p = 0.01), as well as in 
those who underwent PCI (1.6% 
versus 1.1%; p = 0.006). An increase 
in severe bleeding was also observed 
in PCI patients receiving high-dose 
clopidogrel compared with those re-
ceiving the standard dose (1.1% ver-
sus 0.8%; p = 0.034). No increase in 
TIMI major bleeding, CABG-related 
bleeding, or fatal bleeding events was 
observed.25

Based on the findings from the 
CURRENT-OASIS 7 trial, use of 
high-dose clopidogrel for 7 days 
instead of the standard dose will 
prevent an additional 6 MIs and 7 
stent thromboses, with an excess 
of 3 severe bleeds, for every 1,000 
ACS patients undergoing PCI. For 
ACS patients not undergoing PCI, 
the standard-dose regimen of clopi-
dogrel should be used.25 In a press re-
lease issued by the ESC, Salim Yusuf, 
M.D., chair of the CURRENT-OASIS 
7 steering committee, stated that the 
results from this study imply that 
the combination of high-dose clopi-
dogrel and standard-dose aspirin 
may be the optimal treatment strate-
gy for patients undergoing PCI.26 The 
results of CURRENT-OASIS 7 were 
not available in time for inclusion in 
the 2009 ACC/AHA/SCAI STEMI/
PCI joint guidelines.

Clopidogrel hyporesponsiveness
Despite the efficacy of clopidogrel 

in patients with ACS and in those 
undergoing PCI, this agent has been 
associated with significant limita-
tions.2 A considerable pretreatment 
period is necessary in patients receiv-
ing clopidogrel to achieve the desired 
antiplatelet effect. Steady-state levels 
of platelet aggregation are achieved 
4–24 hours with a clopidogrel load-
ing dose (300–600 mg) and within 4 
to 7 days with a maintenance dosage 
of 75 mg/day.27-29 

A modest antiplatelet effect has 
also been observed in laboratory test-
ing of clopidogrel, and a considerable 
number of patients continue to ex-
perience CV events while taking this 
drug.27,30 Use of multiple electrode 
platelet aggregometry to assess clopi-
dogrel responsiveness demonstrated 
an association between low respon-
siveness to clopidogrel and stent 
thrombosis during the first 6 months 
after stent placement.31 Ischemic 
events occurred early in the course 
after the procedure in the majority 
of low responders to clopidogrel with 
stent thrombosis.31

In vitro studies have demonstrat-
ed that responsiveness to clopidogrel 
is subject to interindividual and in-
traindividual variability, which may 
result in the occurrence of ischemic 
events after stent placement, stent 
thrombosis, and periprocedural 
MI.30 The variable responsiveness 
with antiplatelet agents involves both 
pharmacokinetic and pharmacologic 
mechanisms,32 and a combination of 
factors may influence the variability 
in response to clopidogrel (Appen-
dix B). These factors include platelet 
function (i.e., increased sensitivity to 
collagen and ADP), genetic polymor-
phisms, reduced drug bioavailability 
(i.e., poor absorption, underdosing, 
patient noncompliance, interactions 
with other drugs), and the presence 
of diabetes, hypercholesterolemia, 
high body mass index, or smoking.33 
Steinhubl34 stated that “every patient 
represents a unique and nonstatic 
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combination of many influences 
(genetics, concomitant disease pro-
cesses, medications, foods, age, and 
lifestyle), all of which culminate in 
variations not only in clopidogrel ac-
tive metabolite formation but also in 
all aspects of measured on-treatment 
platelet function.” 

Gurbel et al.27 evaluated the rate 
of clopidogrel resistance in pa-
tients undergoing elective coronary 
stenting before and at several time-
points following administration of 
standard-dose clopidogrel (300-mg 
loading dosage followed by a main-
tenance dosage of 75 mg/day). In 
this study, clopidogrel resistance was 
defined as the absolute difference 
between baseline aggregation and 
posttreatment aggregation (<10% 
reduction in aggregation in response 
to 5 mmol/L of ADP compared with 
pretreatment values). Using this 
definition, resistance was observed 
in 63% of patients at 2 hours, 31% 
at 24 hours, 31% at 5 days, and 15% 
at 30 days. Results showed that at 24 
hours posttreatment, patients with 
the highest pretreatment platelet 
reactivity remained the most reactive 
(p < 0.0001). This was the first study 
to show that the platelet reactivity 
level following standard clopidogrel 
treatment for coronary stenting is 
crucially dependent on pretreatment 
reactivity. Further study is needed to 
investigate these findings and how 
they relate to the occurrence of isch-
emic events.27 

Currently, there is no standard 
definition for clopidogrel hypore-
sponsiveness or resistance, and nu-
merous additional terms have been 
used to define individuals who have 
ineffective platelet inhibition with 
clopidogrel, such as low-responder, 
semi-responder, and suboptimal 
responder.30 Clopidogrel resistance 
has been defined as a <10% decrease 
in platelet resistance after the load-
ing dose compared with baseline.27,35 
However, posttreatment platelet 
resistance, which does not require 
measurement of platelet resistance 

at baseline, has been shown to reflect 
thrombotic risk more reliably.36

The potentially severe conse-
quences associated with variability 
in clopidogrel responsiveness, along 
with the confusion among health 
care professionals surrounding the 
limitations associated with clopi-
dogrel, have led to a variety of ques-
tions. These questions include what 
should be considered the appropriate 
definition of clopidogrel resistance, 
should platelet function be routinely 
measured in ACS patients or those 
undergoing PCI and how should it be 
measured, and what measures should 
be undertaken when clopidogrel re-
sistance is encountered?37

Overcoming the limitations of 
clopidogrel

Higher dosages of clopidogrel 
have been used in clinical practice, 
partly because of the desire for 
greater platelet aggregation inhibi-
tion. Low responders to clopidogrel 
may benefit from the use of a higher 
maintenance dosage of the drug. 
The Vasodilator-Stimulated Phos-
phoprotein-02 study investigated 
whether maintenance therapy with 
clopidogrel (150 mg/day) resulted in 
greater platelet inhibition than the 
standard dose (75 mg/day).38 Results 
showed that the higher maintenance 
dosage produced a lower platelet 
reactivity index than the standard 
maintenance dosage after 2 weeks 
of therapy (p < 0.0001). In addition, 
the proportion of low responders 
was lower in patients receiving 150 
mg/day of clopidogrel compared 
with those receiving 75 mg/day (p 
= 0.0004). However, these findings 
warrant further clinical evaluation, 
especially for long-term safety.

Prasugrel
Brandt et al.39 observed that a 

60-mg loading dose of prasugrel, a 
thienopyridine recently approved 
by FDA for the management of ACS 
patients undergoing PCI, produced 
relatively higher levels of active 

metabolite than observed with a 
300-mg loading dose of clopidogrel, 
resulting in higher levels of mean 
platelet aggregation inhibition (p < 
0.01) and lower interpatient vari-
ability (p < 0.01).

PRINCIPLE-TIMI 44. Prasugrel 
has been shown to be more potent 
than standard-dose clopidogrel in 
patients with coronary artery disease, 
but the relative antiplatelet effects of 
prasugrel versus high-dose clopido-
grel were unknown. The Prasugrel 
in Comparison to Clopidogrel for 
Inhibition of Platelet Activation and 
Aggregation-Thrombolysis in Myo-
cardial Infarction 44 (PRINCIPLE-
TIMI 44) trial,40 a randomized, dou-
ble-blind crossover study, compared 
prasugrel with high-dose clopidogrel 
in patients undergoing cardiac cath-
eterization for planned PCI. In the 
loading-dose phase (prasugrel 60 mg; 
clopidogrel 600 mg), the primary 
endpoint was platelet aggregation 
inhibition with 20 mmol/L of ADP 
at 6 hours. Patients who underwent 
PCI entered the maintenance-dose 
phase, a 28-day crossover com-
parison of prasugrel (10 mg/day) 
and clopidogrel (150 mg/day). The 
primary endpoint of this phase was 
platelet aggregation inhibition with 
either drug at 14 days. Thienopyri-
dine hyporesponsiveness was defined 
as platelet aggregation inhibition of  
< 20% with 20 mmol/L of ADP.

Results showed that among the 
201 patients randomized in this 
study, platelet aggregation inhibition 
at 6 hours and during the mainte-
nance phase was higher in patients 
who received prasugrel compared 
with those in the clopidogrel group 
(p < 0.0001, at both time points). 
Significant differences between the 
treatment groups were observed at 
30 minutes and continued across all 
time points. The authors concluded 
that if achieving higher levels of 
platelet aggregation inhibition is 
a clinical goal, this can be accom-
plished more effectively with prasug-
rel than high-dose clopidogrel.40



S12 Am J Health-Syst Pharm—Vol 67  Aug 1, 2010  Suppl 7

SYMPOSIUM  Oral antiplatelet therapy

TRITON-TIMI 38. The efficacy 
and safety of prasugrel and clopi-
dogrel were compared in the Trial 
to Assess Improvement in Thera-
peutic Outcomes by Optimizing 
Platelet Inhibition with Prasugrel- 
Thrombolysis in Myocardial Infarc-
tion (TRITON-TIMI) 38.3 In this  
trial, 13,608 patients with moderate-
to-high-risk ACS (UA/NSTEMI or 
STEMI) who were scheduled to un-
dergo PCI were randomly assigned 
to receive prasugrel (60-mg loading 
dose followed by a 10 mg/day mainte-
nance dosage) or clopidogrel (300-mg 
loading dose followed by a 75 mg/
day maintenance dosage) for 6 to 15 
months. The primary efficacy end-
point was a composite of death from 
CV causes, nonfatal MI, or nonfatal 
stroke, and the key safety endpoint 
was major bleeding (Appendix A).

In this trial, a 2.2% absolute 
reduction and a 19% relative reduc-
tion in the rate of the primary ef-
ficacy endpoint was observed with 
use of prasugrel compared with 
clopidogrel.3 The primary efficacy 
endpoint occurred in 9.9% of pa-
tients receiving prasugrel and 12.1% 
of patients receiving clopidogrel (p < 
0.001). Compared with clopidogrel, 
the rates of MI (9.7% versus 7.4%;  
p < 0.001), urgent target-vessel re-
vascularization (3.7% versus 2.5%; 
p < 0.001), and stent thrombosis 
(2.4% versus 1.1%; p < 0.001) were 
decreased in patients receiving  
prasugrel.3

Major bleeding occurred in 2.4% 
of patients receiving prasugrel and 
1.8% of patients receiving clopi-
dogrel (p = 0.03). The rate of life-
threatening bleeding was also high-
er in patients receiving prasugrel 
(1.4%) compared with those in the 
clopidogrel group (0.9%) (p = 0.01). 
There were no significant differences 
in overall mortality between the two 
treatment groups. The authors con-
cluded that clinicians need to weigh 
the benefits and risks of intensive 
platelet aggregation inhibition when 
determining which antiplatelet regi-

men should be used in the treatment 
of ACS patients undergoing PCI.3

Landmark analyses of TRITON-
TIMI 3841 explored the effects of 
the loading and maintenance doses 
of prasugrel from randomization to 
day 3 and from day 3 to the end of 
the trial. A significant reduction in 
the primary efficacy endpoint was 
observed by the first prespecified 
time point (3 days), and continued 
throughout the follow-up period. A 
consistent pattern of significant re-
duction in the endpoints of MI, stent 
thrombosis, and urgent target vessel 
revascularization was observed dur-
ing the first 3 days and from day 3 to 
the end of the trial. According to the 
authors, the superiority of both the 
loading and maintenance doses of 
prasugrel compared with standard- 
dose clopidogrel emphasizes the 
benefit of robust inhibition of plate-
let aggregation for the prevention 
of periprocedural and long-term 
ischemic events. However, compared 
with clopidogrel, prasugrel was asso-
ciated with a significantly higher rate 
of major bleeding from day 3 until 
the end of the trial. Therefore, efforts 
are needed to minimize the risk of 
excess bleeding with prasugrel use.

Subgroup analyses. Occurrence of 
the primary endpoint (a composite 
of death from CV causes, nonfatal 
MI, or nonfatal stroke) has also been 
evaluated with the use of prasugrel 
versus clopidogrel in various patient 
subgroups from the TRITON-TIMI 
38 trial. These include patients 
with diabetes, STEMI patients, and 
those who have undergone PCI and  
stenting. 

Patients with diabetes and ACS 
are at high risk of recurrent CV 
events partly because of increased 
platelet activity. Multiple studies us-
ing various methods for measuring 
platelet function have shown re-
duced inhibition and higher rates of 
poor antiplatelet response to clopi-
dogrel in patients with diabetes.42-45 
Wiviott and colleagues46 evaluated 
the efficacy and safety of prasugrel 

versus clopidogrel among patients 
with and without diabetes mellitus 
in TRITON-TIMI 38, hypothesiz-
ing that a greater benefit would be 
observed with prasugrel. Analyses 
showed that the composite endpoint 
of death from CV causes, nonfatal 
MI, or nonfatal stroke occurred more 
frequently with clopidogrel (17%) 
compared with prasugrel (12.2%) in 
patients with diabetes (p < 0.001), 
as well as in those without diabe-
tes (10.6% versus 9.2%, p = 0.02;  
p

interaction 
= 0.09). 

Another subanalysis of TRITON-
TIMI 38 assessed the occurrence 
and prevention of ischemic events 
in more than 12,500 patients who 
received at least one coronary stent 
and were treated with prasugrel or 
clopidogrel.47 Compared with clopi-
dogrel, the primary endpoint oc-
curred less frequently with the use of 
prasugrel in the cohort that received 
at least one stent (11.9% versus 9.7%, 
p = 0.0001). The overall rate of stent 
thrombosis (definite or probable) 
was also reduced to a greater extent 
with the use of prasugrel (1.13%) 
compared with clopidogrel (2.35%) 
(p < 0.0001). 

A TRITON-TIMI 38 subanalysis48 
also assessed the use of prasugrel 
versus clopidogrel in patients under-
going PCI for STEMI. The primary 
endpoint occurred in 6.5% of pa-
tients receiving prasugrel compared 
with 9.5% of individuals in the 
clopidogrel group (p = 0.0017). At 
15 months, results showed that the 
primary endpoint occurred in 10% 
of prasugrel patients and 12.4% of 
clopidogrel patients (p = 0.0221).

Subanalysis of bleeding risk. In 
the subanalyses of patients with 
diabetes or STEMI and those un-
dergoing PCI, there was no differ-
ence between the treatment groups 
in the occurrence of TIMI major 
bleeding unrelated to CABG at 30 
days. The rate of bleeding was also 
evaluated in patients with previous 
stroke or transient ischemic attack 
(TIA), those 75 years of age or older, 
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and patients with low body weight 
(<60 kg). Patients with these specific 
risk factors were further evaluated 
in TRITON-TIMI 38, with higher 
rates of bleeding observed in both 
clopidogrel-treated and prasugrel- 
treated patients who had at least one 
of these three risk factors compared 
to patients without them.3 In patients 
with a history of cerebrovascular 
events, no evidence of a clinical ben-
efit was observed from prasugrel 
compared with clopidogrel. There 
was significant harm with the use 
of prasugrel among patients with a 
history of cerebrovascular events, 
whereas a significant benefit with the 
use of prasugrel was observed among 
patients without such a history. In 
addition, a significant interaction 
between the presence or absence of 
any of these three risk factors and 
the degree of net clinical benefit for 
prasugrel compared with clopidogrel 
(p = 0.006) was observed, but no 
significant harm was evident. Results 
showed that among patients without 
any of these three risk factors, there 
was substantially favorable net clini-
cal benefit for prasugrel use, greater 
efficacy with prasugrel (p < 0.001), 
and no significant difference in the 
rate of major bleeding in patients 
receiving prasugrel or clopidogrel  
(p = 0.17).

The findings from these evalu-
ations led to a black box warning 
for bleeding risk in the labeling for 
prasugrel.49 This black box warn-

ing states that the use of prasugrel 
is contraindicated in patients with 
a history of stroke or TIA. Because 
of the increased risk of fatal and 
intracranial bleeding and uncertain 
benefit, prasugrel use is generally not 
recommended in patients 75 years 
of age or older, except in high-risk 
patients (history of MI or diabetes), 
where the beneficial effect of this 
agent appears to be greater. Prasugrel 
should also be used with caution in 
patients weighing less than 60 kg due 
to increased bleeding risk. In these 
patients, a prasugrel maintenance 
dosage of 5 mg/day is recommended. 
A summary of the role of prasugrel 
versus clopidogrel in these patient 
subgroups is presented in Table 1. 

TRILOGY ACS. The ongoing 
Comparison of Prasugrel and Clopi-
dogrel in Acute Coronary Syndrome 
Subjects with Unstable Angina/
Non-ST Elevation Myocardial In-
farction Who are Medically Managed 
(TRILOGY ACS) study is a Phase III, 
interventional, randomized, double-
blind, active control, parallel assign-
ment, safety and efficacy trial.50 This 
trial is currently recruiting patients 
to evaluate the relative efficacy and 
safety of prasugrel (30-mg loading 
dose, followed by a 5-mg or 10-
mg/day maintenance dosage) and 
clopidogrel (300-mg loading dose, 
75 mg/day maintenance dosage) in 
ACS patients with UA/NSTEMI who 
are medically managed. All patients 
will receive aspirin therapy. The es-

timated date of trial completion is 
October 2011. 

Ticagrelor
Ticagrelor, a new class of revers-

ible P2Y12 inhibitor, is currently 
under investigation in clinical trials 
of ACS patients. This oral agent is 
not a prodrug and has a more rapid 
onset and more pronounced plate-
let inhibition than clopidogrel.51,52 
The Study of Platelet Inhibition and 
Patient Outcomes (PLATO)5 was a 
multicenter, double-blind, random-
ized trial comparing ticagrelor (180-
mg loading dose followed by 90 mg 
twice daily) with clopidogrel (300- or 
600-mg loading dose followed by 75 
mg/daily) for the prevention of CV 
events in approximately 18,500 ACS 
patients with or without ST-segment 
elevation. The primary endpoint was 
a composite of death from vascular 
causes, MI, or stroke, and the pri-
mary safety endpoint was total major 
bleeding (Appendix A).

Results of this trial showed that 
the primary endpoint occurred in 
11.7% of patients receiving clopi-
dogrel and 9.8% of patients in the 
ticagrelor group (p < 0.001). The 
rate of death from any cause was also 
lower in patients receiving ticagrelor 
(4.5%) compared with clopidogrel 
(5.9%) (p < 0.001). Significant dif-
ferences were also observed with the 
rate of death from vascular causes 
(5.1% with clopidogrel and 4% with 
ticagrelor, p = 0.001) and MI alone 
(6.9% with clopidogrel and 5.8% 
with ticagrelor, p = 0.005), but not 
with stroke alone. The rate of defi-
nite stent thrombosis was lower in 
patients receiving ticagrelor (1.3%) 
compared with clopidogrel (1.9%)  
(p = 0.009).5 

A prespecified subset analysis of 
ACS patients who were destined to 
undergo stenting (n = 13,408) prior 
to randomization to either study 
drug was also planned.53 Results of 
this analysis showed that among ACS 
patients who underwent planned 
stenting, fewer CV events occurred 

Table 1.
Preferred Thienopyridines for Acute Coronary Syndrome (ACS)a 

ACS Situation

STEMI primary PCI
STEMI with fibrinolytics
NSTE ACS medical management
NSTE ACS PCI
	 Patient weight < 60 kg
	 Patient age ≥ 75 years
	 Patients with history of TIA or stroke
	 Patients with diabetes mellitus

Preferred Thienopyridine

Prasugrel or clopidogrel
Clopidogrel
Clopidogrel
Prasugrel or clopidogrel
Clopidogrel
Clopidogrel
Clopidogrel
Prasugrel

aAdapted from reference 50, with permission. STEMI = ST-segment elevation myocardial infarction, PCI = 
percutaneous coronary intervention, NSTE = non-ST-segment elevation, TIA = transient ischemic attack.



S14 Am J Health-Syst Pharm—Vol 67  Aug 1, 2010  Suppl 7

SYMPOSIUM  Oral antiplatelet therapy

in patients receiving ticagrelor com-
pared with those who received clopi-
dogrel. In addition, for every 1,000 
patients admitted to the hospital for 
a planned invasive strategy, the use 
of ticagrelor instead of clopidogrel 
resulted in 11 fewer deaths, 13 
fewer MIs, and 6 fewer cases of stent 
thrombosis at 12 months. Findings 
observed with the use of ticagrelor in 
this study were similar to those seen 
with prasugrel in terms of incremen-
tal reduction in the risk of coronary 
thrombotic events (e.g., MI) through 
more intense P2Y12 inhibition.3

In patients undergoing CABG, it 
is recommended that ticagrelor be 
withheld for 24 to 72 hours prior to 
surgery.5 Since ticagrelor is a revers-
ible P2Y12 inhibitor, the antiplatelet 
effect of this agent dissipates more 
rapidly than with thienopyridines, 
which are irreversible inhibitors. 
Therefore, less procedure-related 
bleeding may be expected with the 
use of ticagrelor. Results showed that 
there was no significant difference 
in the rate of bleeding between the 
two treatment groups in the PLATO 
trial (Appendix A). The more intense 
platelet inhibition with ticagrelor 
was not associated with an increased 
rate of any major bleeding. However, 
a higher rate of non–CABG-related 
bleeding was observed in patients 
receiving ticagrelor (4.5%) compared 
with those in the clopidogrel group 
(3.8%) (p = 0.03). Dyspnea occurred 
more frequently with ticagrelor com-
pared with clopidogrel5; therefore, it 
has been suggested that patients with 
known breathing difficulties are not 
good candidates for ticagrelor.54 The 
frequency of bradycardia was also 
higher in patients treated with ticagre-
lor despite the study exclusion criteria 
of patients with “increased risk of 
bradycardic events.”55 A new drug ap-
plication for ticagrelor was submitted 
to FDA in November 2009.56 

Other antiplatelet agents in 
clinical development

Clinical trials are ongoing to eval- 

uate the efficacy and safety of  
thrombin-receptor antagonists (TRAs) 
in patients with atherosclerosis 
and ACS. Thrombin-receptor an-
tagonists block the platelet protease- 
activated receptor (PAR)1, prevent-
ing thrombin-induced activation 
of platelets and arterial thrombus 
formation without affecting coagu-
lation, bleeding time, or thrombin-
mediated conversion of fibrinogen 
to fibrin.57 SCH 530348 and E5555 
are two TRAs in clinical develop-
ment.58 In the Phase II dose-ranging 
Thrombin Receptor Antagonist-
Percutaneous Coronary Intervention 
(TRA-PCI) trial of patients undergo-
ing nonurgent PCI, treatment with 
SCH 530348 added to clopidogrel 
and aspirin showed a similar rate 
of ischemic events (6% versus 9%) 
with no increased bleeding, which 
was the primary study end point.59 
In another Phase II trial performed 
in Japan, a significant reduction in 
the rate of periprocedural MI was 
observed in patients undergoing ur-
gent PCI who received SCH 530348 
plus standard treatment (i.e., aspirin, 
heparin, and ticlodipine) compared 
with standard treatment  alone 
(16.9% versus 42.9%, respectively; 
p = 0.013). No excessive bleeding 
was seen in patients receiving SCH 
530348 plus standard treatment.60 
SCH 530348 was granted fast-track 
status by FDA.61 Phase III trials with 
SCH 530348 are ongoing.62,63 E5555 
is another PAR1 antagonist under 
clinical development in patients 
with coronary artery disease and 
ACS.64,65 One study examined the 
in vitro effects of E5555 on platelet 
function beyond PAR1 blockade in 
healthy volunteers and patients with 
coronary artery disease who received 
aspirin with or without clopidogrel.65 
Moderate but significant inhibition 
of platelet activity beyond the PAR1 
blockade was seen in vitro with 
E5555. The results suggest that this 
agent may enhance the antiplatelet 
potency of aspirin alone and com-
bination therapy with aspirin and 

clopidogrel, providing rationale for 
the synergistic use of these agents.65 
Results for clinical end points from 
two completed Phase II trials have 
not been reported to date.66,67

Summary
Over the past decade, significant 

advances have been made with the 
use of oral antiplatelet agents in ACS 
patients and in those undergoing 
PCI and stenting. Dual antiplatelet 
therapy with clopidogrel and aspirin 
has been the standard of therapy in 
these patients. However, clopidogrel 
is associated with several limitations 
that can affect its efficacy. These 
limitations led to the investigation of 
newer, more potent oral antiplatelet 
agents, such as prasugrel and ticagre-
lor, but the increased antiplatelet 
effect of these agents may also be 
associated with an increased risk of 
bleeding. When determining the best 
antiplatelet therapy to use in patients 
with ACS or in those who have un-
dergone PCI, health-system pharma-
cists must base treatment decisions 
on current practice guidelines, as well 
as individualized patient risk and 
benefit analyses. 

Conclusion
Knowledge of the benefits and 

bleeding risks associated with oral 
antiplatelet agents, as well as guide-
line recommendations, can help 
health care providers make informed 
decisions regarding appropriate ther-
apy for patients after ACS and PCI.
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Appendix A—Bleeding definitions in 
clinical trials

PLATO5: Major life-threatening bleeding: 
fatal bleeding, intracranial bleeding, intraperi-
cardial bleeding with cardiac tamponade, hypov-
olemic shock or severe hypotension due to bleed-
ing and requiring pressors or surgery, reduction 
in Hgb of 5 g/dL, need for RBC transfusion of ≥ 
4 units; other major bleeding: bleeding leading to 
clinically significant disability (e.g., intraocular 



S17Am J Health-Syst Pharm—Vol 67  Aug 1, 2010  Suppl 7

SYMPOSIUM  Oral antiplatelet therapy

bleeding with permanent vision loss) or associ-
ated with a reduction in Hgb of 3 to < 5 g/dL or 
requiring 2 to 3 unit RBC transfusion

TIMI11: Major bleeding: intracranial hem-
orrhage, clinically overt bleeding, reduction in 
Hgb of > 5 g/dL; minor bleeding: clinically overt 
bleeding or reduction in Hgb of 3 to < 5 g/dL

Modified TIMI: Severe bleeding: fatal, in-
tracranial hemorrhage, cardiac tamponade, or 
clinically significant hemorrhage with reduction 
in Hgb of > 5 g/dL; minor bleeding: clinically 
overt hemorrhage with reduction in Hgb of > 
3 to ≤ 5 g/dL

ACUITY12: Major bleeding: intracranial 
hemorrhage, intraocular bleeding, bleeding at 
access site requiring intervention, ≥ 5 cm hema-
toma, reduction in Hgb of ≥ 4 g/dL without an 
overt bleeding source, reduction in Hgb of ≥ 3 g/
dL with an overt bleeding source, reoperation for 
bleeding, or blood product transfusion

CRUSADE13: Major bleeding: intracranial 
hemorrhage, retroperitoneal bleed, hematocrit 
drop of ≥ 12% (baseline to nadir), any RBC 
transfusion when baseline hematocrit is ≥ 28% 
with a witnessed bleed or any RBC transfusion 
when baseline hematocrit is < 28%

CURRENT-OASIS 714: Severe bleeding: fa-
tal or leading to reduction in Hgb of ≥ 5 g/dL, 
significant hypotension with need for inotropes, 
surgery (other than vascular site repair), symp-
tomatic intracranial hemorrhage, RBC transfu-
sion of ≥ 4 units or equivalent whole blood; 
other major bleeding: significantly disabling, 
intraocular bleeding leading to significant loss of 
vision or bleeding requiring RBC transfusion of 
2 or 3 units or equivalent whole blood

GUSTO15: Severe bleeding: intracranial 
hemorrhage or bleeding resulting in hemody-
namic compromise that requires intervention; 
moderate bleeding: bleeding requiring blood 
transfusion that does not result in hemodynamic 
compromise

HORIZONS-AMI16: Major bleeding: in-
tracranial hemorrhage, intraocular, bleeding at 
access site with a ≥ 5-cm hematoma requiring 
intervention, reduction in Hgb of ≥ 4 g/dL with-
out an overt bleeding source, reoperation for 
bleeding, or blood transfusion

OASIS17,18: Major bleeding: fatal, intracra-
nial hemorrhage, intraocular, retroperitoneal, or 
needing surgical intervention, ≥ 2 units of blood 
transfused, or reduction in Hgb of > 3 g/dL

Appendix B—Mechanisms for 
clopidogrel hyporesponsiveness30,34

Genetic factors
•	 Polymorphisms of CYP2C19, CYP3A4, 

CYP1A2, CYP2B6, CYP2C9
•	 Polymorphisms of ABCB1
•	 Polymorphisms of P2Y12
•	 Polymorphisms of GPIIIa 
Cellular factors
•	 Increased ADP exposure
•	 Accelerated platelet turnover
•	 Upregulation of the P2Y1 and P2Y12  

pathways
Clinical factors
•	 Poor adherence
•	 Poor absorption
•	 Diabetes mellitus/insulin resistance
•	 Elevated body mass index
•	 Drug-drug interactions involving CYP3A4
•	 Drug-drug interactions involving P-gp (also 

called MDRP or ABCB1)
•	 Drug-drug interactions involving CYP2C19
•	 Drug-drug interactions involving CYP2C9
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Disruption of the vascular endo-
thelium routinely occurs during 
percutaneous coronary inter-

vention (PCI) and stent placement, 
resulting in vascular injury. The 
vascular injury results in a cascade of 
events, including platelet activation 
and aggregation, which increases 
the risk of intracoronary thrombosis 
and subsequent acute coronary syn-
drome (ACS) after PCI. Appropriate 
antiplatelet therapy reduces the risk 
of intracoronary thrombosis after 
PCI.

Health-system pharmacists should 
be aware of the adverse events that 
can occur in ACS patients after PCI, 
and should be knowledgeable about 
the best ways to prevent, detect, and 
manage these events.

Complications after PCI
Despite significant advances in oral 

antiplatelet therapy for patients with 
ACS, thrombotic events continue 
to be a significant cause of morbid-
ity and mortality after PCI and stent 
placement, both acutely and long 
term. Major complications after PCI 

Purpose: Adverse events that can occur 
in patients with acute coronary syndrome 
(ACS) following percutaneous coronary 
intervention (PCI), and with the use of oral 
antiplatelet agents are discussed.
Summary: Disruption of the vascular en-
dothelium routinely occurs during PCI and 
stent placement, resulting in vascular injury. 
This injury can increase the risk of intracoro-
nary thrombosis and subsequent ACS after 
PCI. Appropriate antiplatelet therapy reduc-
es the risk of intracoronary thrombosis after 
PCI; however, health care providers should 
be aware of the possible limitations associ-
ated with specific antiplatelet agents and 
how to tailor therapy to improve outcomes. 
Platelet response after a clopidogrel loading 
dose is highly variable, and platelet hypore-
sponsiveness to clopidogrel may result in a 
variety of ischemic complications. A number 
of methods are available for assessing the 
antiplatelet effects of clopidogrel. However, 
none of these tests has been standardized 
as a measurement for clopidogrel respon-

siveness. Several polymorphic CYP enzymes 
are involved in the activation of clopidogrel, 
and genetic polymorphisms may affect the 
activity of these enzymes. Genetic variants, 
particularly the presence of the CYP2C19*2 
allele, are associated with poor clinical out-
comes after stent placement, along with 
increased ischemic events in clopidogrel-
treated patients. Health care providers 
should also be aware that drug-drug 
interactions can occur in patients receiving 
clopidogrel and other CYP2C19 inhibitors.
Conclusion: Prevention and proper man-
agement of adverse events can help to op-
timize outcomes in patients with ACS who 
have undergone PCI with stent placement.

Index terms: Acute coronary syndrome; 
Angioplasty; Clopidogrel; Coronary throm-
bosis; Drug interactions; Pharmacogenet-
ics; Platelet aggregation inhibitors; Stents; 
Toxicity
Am J Health-Syst Pharm. 2010; 67(Suppl 
7):S18-24

include restenosis and stent throm-
bosis.1 The frequent occurrence of 
restenosis with the use of bare-metal 
stents led to the use of drug-eluting 

stents (DES), which clearly reduces 
the rate of restenosis.2 

Restenosis. A recent study evalu-
ating the occurrence of restenosis fol-
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lowing DES placement demonstrated 
a restenosis rate of 3.5% per stent 
after 1 year and 4.9% after 2 years.3 
A higher risk of restenosis was ob-
served in patients with diabetes mel-
litus compared with those without 
diabetes, and this risk differed with 
the type of DES used. Compared 
with other types of DES, resteno-
sis was twice as frequent with the 
zotarolimus-eluting stent in patients 
with diabetes; higher restenosis rates 
were also observed with the siroli-
mus-eluting stent. However, the rate 
of restenosis with use of paclitaxel- 
eluting stents was unrelated to diabe-
tes mellitus.3 

Stent thrombosis. Stent throm-
bosis has traditionally been thought 
to occur during the first 30 days after 
PCI. However, risk of this complica-
tion may extend beyond this time 
due to delayed endothelialization 
associated with DES implantation. 
Iakovou et al.4 conducted a study to 
evaluate the rate and clinical out-
comes of stent thrombosis following 
routine implantation of paclitaxel-
eluting or sirolimus-eluting stents. 
Nine months after implantation, 
stent thrombosis had occurred in 
1.3% of patients (p = 0.09), with 
subacute thrombosis (≤ 30 days) 
observed in 0.6% and late thrombo-
sis (> 30 days) occurring in 0.7% of 
patients. Among the subacute throm-
bosis cases, 71% occurred within 1 
week after the procedure, while 53% 
of the late thrombosis cases occurred 
within 3 months after the procedure. 
Among the 29 cases of stent throm-
bosis, 2 (7%) presented as unstable 
angina, 20 (69%) presented as non-
fatal myocardial infarction (MI), 
and 7 (24%) were fatal. It is believed 
that the cumulative rate of stent 
thrombosis following successful DES 
implantation in “real-world” patients 
is substantially higher than the rate 
reported in clinical trials.4 

This study also identified prema-
ture antiplatelet therapy discontinua-
tion, renal failure, bifurcation lesions, 
diabetes, and a low ejection fraction 

as primary independent predictors of 
in-stent thrombosis.4 Stent length was 
also a predictor for subacute throm-
bosis, with a 1.03 times greater risk of 
thrombosis for each 1-mm increase 
in length. Among these risk factors 
for thrombosis, early discontinuation 
of antiplatelet therapy was associated 
with the highest rate (29%) of events. 
A large registry demonstrated that 
clopidogrel discontinuation follow-
ing DES placement (3 months for 
a sirolimus-eluting stent; 6 months 
for a paclitaxel-eluting stent) was 
associated with a significant increase 
(approximately 70 times) in stent 
thrombosis.4

Patients must be educated on the 
importance of taking their antiplate-
let medications and the risks associ-
ated with their discontinuation.

Metabolic pathways of 
antiplatelet agents

The thienopyridines prasugrel 
and clopidogrel are prodrugs that are 
activated through some similar and 
some differing metabolic pathways. 
Both agents are converted into ac-
tive metabolites that selectively and 
irreversibly bind to the P2Y12 recep-
tor on the platelet membrane for the 
lifespan of the platelet. Clopidogrel 
conversion is achieved through the 
hepatic cytochrome P450 (CYP) 
isoenzyme system in a two-step pro-
cess that involves a variety of CYP 
isoenzymes, including CYP2C19 and 
CYP2B6.5 This two-step process is 
susceptible to interference from ge-
netic polymorphisms and drug-drug 
interactions.6,7 Clopidogrel is also 
associated with a dose-dependent 
delayed onset of action and large 
inter-individual variability in plate-
let response.5 Prasugrel is rapidly 
hydrolyzed via esterases to an inter-
mediate metabolite.1 Only one CYP-
dependent oxidation step involving 
various CYP isoenzymes, including 
CYP2C19, is required for conversion 
to the active compound of prasugrel, 
compared to the two-step require-
ment for clopidogrel.5 Compared 

with clopidogrel, a lower variability 
of platelet response and no measur-
able vulnerability to genetic varia-
tion in CYP isoenzymes has been 
observed with prasugrel.8,9 However, 
the limitation of the irreversibility of 
the thienopyridine effect is more evi-
dent with prasugrel compared with 
clopidogrel.5 

Response variability with 
clopidogrel 

Platelet response after administra-
tion of a clopidogrel loading dose 
is highly variable. A database of pa-
tients (n = 544) from various studies 
was analyzed to determine individual 
response to clopidogrel.10 Results 
revealed a normal distribution when 
residual platelet aggregation was 
induced by 5 mmol/L of adenosine 
diphosphate (ADP) after clopidogrel 
administration. When hyporespon-
siveness and hyperresponsiveness to 
clopidogrel were considered to be 
two standard deviations less than 
and greater than the mean, respec-
tively, there was similarity between 
the prevalence of hyporesponsive-
ness (4.8%) and hyperresponsiveness 
(4.2%) to clopidogrel. Several stud-
ies have demonstrated that genetic 
polymorphisms of the CYP2C19 
isoenzyme, which produce a “loss 
of function” allele, increase the risk 
of intracoronary thrombotic events. 
Variability in individual responsive-
ness to clopidogrel and the implica-
tions of this variability have been 
the topics of intense discussion and 
study over the past few years.

Platelet hyporesponsiveness to 
clopidogrel may result in a variety 
of ischemic complications, including 
stent thrombosis and periprocedural 
MI.11 It has been shown that excessive 
on-treatment platelet reactivity after 
clopidogrel administration is associ-
ated with an increased risk of adverse 
events following PCI with stent place-
ment. Data from one trial showed a 
greater than six-fold increase in the 
risk of death, MI, and target vessel re-
intervention after stent placement at 
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30 days if 5 mmol/L of ADP-induced 
residual platelet aggregation (RPA) 
was >14% following a 600-mg load-
ing dose of clopidogrel.12 

Methods for assessing antiplatelet 
effects 

It is important to identify patients 
who are not adequately protected by 
clopidogrel therapy. Several meth-
ods are available for assessing the 
antiplatelet effects of clopidogrel. 
However, none of these tests has 
been standardized as a measure-
ment for clopidogrel responsiveness. 
Turbidometric light transmittance 
aggregometry (LTA) using ADP as 
an agonist is currently considered the 
gold standard technique for assessing 
clopidogrel response.11 LTA measures 
the increase in light transmission as 
a result of platelet aggregation. Sim-
ply explained, a beam of light will 
not easily pass through platelet-rich 
plasma. However, following platelet 
aggregation due to the addition of an 
agonist such as ADP, more light pass-
es through the plasma, providing in-
formation about platelet aggregation 
in vitro.1 A variety of methodological 
variables associated with LTA (e.g., 
agonist dose, LTA value, nature of the 
anticoagulant) may result in variances 
in the prevalence of poor respond-
ers.13,14 Additionally, LTA is time-
consuming, technically demanding, 
and not widely available.11 

Clopidogrel  prevents ADP- 
induced platelet activation through 
inhibition of the P2Y12 receptor. 
However, other ADP receptor sub-
types may still be activated and con-
tribute to platelet aggregation during 
thienopyridine treatment.15 This 
undermines the use of LTA to define 
clopidogrel-induced antiplatelet ef-
fects, and has led to the development 
of assays that are more specific to 
the P2Y12 pathway.11 Assessment of 
vasodilator-stimulated phosphopro-
tein (VASP) phosphorylation using 
flow cytometry can also provide 
important information regarding 
responsiveness of clopidogrel, since 

VASP phosphorylation depends on 
the level of P2Y12 receptor activa-
tion.16 Use of a flow cytometric assay 
is associated with several drawbacks, 
including expense and the need for 
experienced personnel.17 This test is 
also time-consuming, with results of 
one study showing that the median 
time between administration of the 
first clopidogrel dose and performing 
the first VASP assay was 24 hours, and 
repeat testing is often necessary.17,18 

Several point-of-care methods are 
available for assessing platelet func-
tion (e.g., PFA-100 [Dade Diagnosti-
ka, GmbH, Germany], Plateletworks 
[Helena Laboratories, Beaumont, 
TX], VerifyNow [Accumetrics, San 
Diego, CA]). Simple assays such 
as these are more practical in the 
clinical setting because of their wide 
availability and ease of use.11,19 The 
Gauging Responsiveness with A Veri-
fyNow Assay-Impact on Thrombosis 
And Safety (GRAVITAS) trial is being 
conducted to evaluate the use of a 
point-of-care assay for tailoring an-
tiplatelet therapy with clopidogrel to 
reduce major adverse cardiovascular 
events following DES implantation.20 

Reducing the rate of platelet 
resistance

Various studies have investigated 
ways to reduce the rate of platelet 
resistance in patients taking thieno-
pyridines. Gurbel and colleagues21 

conducted a study to determine the 
effect of clopidogrel dosage (300-mg 
versus 600-mg loading dose) on the 
rate of hyporesponsiveness. Results 
showed that the rate of hyporespon-
siveness was lower with the 600-mg 
loading dose (8%) compared with 
the 300-mg loading dose (28%) with 
5 mmol/L of ADP and 8% and 32%, 
respectively, with 20 mmol/L of ADP 
(p < 0.001). The authors concluded 
that the 600-mg clopidogrel loading 
dose reduced the rate of hyporespon-
siveness compared with a 300-mg 
loading dose. 

Another study compared the rate 
of onset, magnitude, and consistency 

of platelet inhibition following ad-
ministration of clopidogrel or pra-
sugrel.22 Patients received a loading 
dose of either clopidogrel (300 mg) 
or prasugrel (60 mg). Turbidometric 
aggregometry was used to measure 
platelet aggregation response to 5 
and 20 mmol/L of ADP. A more rapid, 
potent, and consistent inhibition of 
platelet function was observed with 
prasugrel compared with clopidogrel. 
Results showed that inhibition of 
platelet aggregation (IPA) was higher 
with prasugrel compared with clopi-
dogrel from 15 minutes through 24 
hours with 5 mmol/L of ADP, as well 
as from 30 minutes through 24 hours 
with 20 mmol/L of ADP (p < 0.01). 
Response to prasugrel was more con-
sistent than response to clopidogrel 
(p < 0.01). The lower IPA response 
to clopidogrel was associated with 
lower plasma concentrations of ac-
tive metabolite (p < 0.001). In this 
study, patients who were resistant to 
clopidogrel (300 mg) remained sen-
sitive to prasugrel (60 mg).

Genetic polymorphisms and 
response to antiplatelet therapy

Knowledge of the human genome 
and how it interacts with individual 
patient responsiveness to pharmaco-
therapy can be helpful in determin-
ing which patients may experience an 
inadequate response to clopidogrel. 
Several CYP isoenzymes are involved 
in the activation of clopidogrel, 
and the activity of these enzymes 
may be affected by genetic poly-
morphisms.5 CYP2C19 is involved 
in the conversion from clopidogrel 
to its active metabolite and to the 
intermediate metabolite, 2-oxo-
clopidogrel. The pharmacokinetics 
and antiplatelet effects of clopidogrel 
differ according to the CYP2C19 
genotype, as measured by ex vivo 
platelet aggregation assays, and par-
ticular CYP2C19 alleles have been 
identified as being responsible for a 
loss of response in different ethnic 
populations. The CYP2C19*1 allele 
relates to fully functional metabolic 



S21Am J Health-Syst Pharm—Vol 67  Aug 1, 2010  Suppl 7

SYMPOSIUM  After acute coronary syndrome

activation, while the CYP2C19*2 and  
CYP2C19*3 alleles are associated 
with reduced metabolic activation.23 

The wild-type CYP2C19*1/*1 
allele, which is associated with a 
higher degree of extensive meta-
bolic activation, has been found 
with greater frequency in white 
patients (74%) compared with Af-
rican Americans (66%), and Asians 
(38%). When evaluating alleles that 
are associated with a loss of response 
to clopidogrel, the CYP2C19*1/*2 
or CYP2C19*1/*3 allele, which 
is associated with intermediate 
metabolic activation, occurs more 
frequently in Asians (50%) than 
in blacks (29%) and whites (26%). 
The CYP2C19*2/*2, CYP2C19*2/*3, 
or CYP2C19*3/*3 allele, which is 
associated with poor metabolic ac-
tivation, occurs more frequently in 
Asians (14%) compared with black 
(4%) and white (2%) patients.23 

Trenk and colleagues24 examined 
the loss of function CYP2C19*2 poly-
morphism and its association with 
high on-treatment platelet reactivity 
(>14% RPA) following clopidogrel 
administration. The effect of high 
on-treatment RPA on clinical out-
comes after stent placement was also 
evaluated. Among 797 patients in this 
study, 69.3% were CYP2C19 wild-
type homozygotes (*1/*1) and 30.7% 
carried at least one CYP2C19*2 al-
lele. No significant difference in RPA 
was observed between genotypes 
at baseline. However, after a clopi-
dogrel loading dose, RPA was higher 
in CYP2C19*2 carriers compared 
with wild-type homozygotes (p < 
0.001). The rate of high on-treatment 
platelet reactivity was also higher in 
CYP2C19*2 carriers (p < 0.001). At 
predischarge (after the first 75-mg 
clopidogrel maintenance dose), RPA 
>14% was associated with a 3-fold 
increase in the rates of death and MI 
at 1 year (p = 0.004). The authors 
concluded that high on-clopidogrel 
platelet reactivity is more likely to 
occur in patients carrying at least one 
CYP2C19*2 allele, and this reactivity 

is associated with poor clinical out-
comes following stent placement.

The Pharmacogenomics of An-
tiplatelet Intervention (PAPI) study 
evaluated the use of clopidogrel in 
the Amish population.25 The first 
part of this study was undertaken 
to identify specific genes associ-
ated with a variation in response to 
clopidogrel, while the second part 
of the study examined the exten-
sion of the genetic findings and the 
time-to-event analysis in high-risk 
patients with cardiovascular disease. 
In this trial, 429 genetically homo-
geneous patients received a 300-mg 
loading dose of clopidogrel, fol-
lowed by a 75 mg/day maintenance 
dosage for 6 days. LTA was used to 
measure platelet activity. Looking at 
ADP-stimulated (20 mmol/L) platelet 
aggregation, there was a clear shift 
toward less platelet aggregation after 
7 days of clopidogrel administration 
compared with before clopidogrel 
was administered. However, a wide 
variability in platelet aggregation was 
observed and there was no clear cut-
off to define platelet resistance in this 
population. 

In the PAPI study, a number of 
clinical factors that correlated very 
well with poor platelet responsive-
ness were observed, such as increased 
age, decreased weight, and increased 
triglyceride levels.25 It was deter-
mined that these clinical predictors 
of poor responsiveness accounted 
for approximately 10% of the varia-
tion in response to clopidogrel. 
Looking at a genetic component 
for clopidogrel response variation, 
it was found that most of the study 
participants had the wild-type allele, 
which does not contribute to loss of 
function, and the intermediate allele 
was observed in approximately one 
third of patients. Approximately 10% 
of patients were homozygous for the 
CYP2C19*2 allele, which is associ-
ated with poor metabolism. Patients 
with this genetic variant were more 
likely than patients without the 
CYP2C19*2 allele to experience a 

cardiovascular event or death during 
1 year of follow-up (20.9% versus 
10.0%, respectively; p = 0.02). 

Based on the results of this study, 
the authors concluded that genetics 
account for approximately 12% of 
the variation in response to clopi-
dogrel, while another 10% is due 
to clinical factors.25 Based on these 
findings, approximately 75% of the 
factors that contribute to a variable 
response to clopidogrel still need to 
be determined.1 

Genetic variability in clopido-
grel-treated patients. Another study 
evaluated the association between 
functional genetic variants in CYP 
genes, plasma concentrations of ac-
tive drug metabolite, and platelet 
inhibition in response to clopidogrel 
therapy in 162 patients.7 The results 
of this study showed that approxi-
mately 30% of participants were 
a carrier of at least one CYP2C19 
reduced-function allele. Compared 
with noncarriers, these patients had 
a 32.4% relative reduction in plasma 
exposure to the active metabolite of 
clopidogrel (p < 0.001). A 9% abso-
lute reduction in maximal platelet 
aggregation in response to clopido-
grel therapy was observed in carri-
ers compared with noncarriers (p < 
0.001). This study also examined the 
association between genetic variants 
and cardiovascular outcomes in 1477 
ACS patients who received clopido-
grel in the Trial to Assess Improve-
ment in Therapeutic Outcomes by 
Optimizing Platelet Inhibition with 
Prasugrel–Thrombolysis in Myo-
cardial Infarction (TRITON-TIMI) 
38. A relative increase of 53% was 
observed in the composite primary 
efficacy outcome (risk of death from 
cardiovascular causes, MI, or stroke) 
among carriers versus noncarriers 
(p = 0.01). An increase in the risk of 
stent thrombosis was also observed 
in carriers (2.6%) compared with 
noncarriers (0.8%) (p = 0.02). The 
authors concluded that the results 
of this study showed that genetic 
variation has an effect on clinical 
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and pharmacologic responses to 
clopidogrel.

Genetic variability in prasugrel- 
treated patients. Mega et al.8 evalu-
ated the association between func-
tional variants in CYP genes, plasma 
concentrations of active drug me-
tabolites, and platelet inhibition 
in response to prasugrel in 238 
patients. Results showed no sig-
nificant decrease in the pharmacoki-
netic or pharmacodynamic response 
to prasugrel among carriers of at 
least one reduced-function allele 
(e.g., CYP2C19, CYP2C9, CYP2B6, 
CYP3A5, and CYP1A2) compared 
with noncarriers. This study then 
examined the association of these 
genetic variants with cardiovascular 
outcomes in a cohort of 1466 ACS 
patients allocated to receive prasugrel 
in TRITON-TIMI 38. No significant 
associations were found between any 
of the tested CYP genotypes and risk 
of cardiovascular death, MI, or stroke 
in ACS patients treated with prasu-
grel. The authors concluded that no 
CYP genetic variants were found that 
affected active drug metabolite levels 
and platelet inhibition in patients 
who received prasugrel. Addition-
ally, no CYP variants affected cardio-
vascular outcomes in ACS patients 
receiving prasugrel who underwent 
PCI. These genetic observations ex-
plain some of the differences in the 
clinical and pharmacologic response 
to treatment using prasugrel com-
pared with clopidogrel, and may be 
useful for individualizing pharmaco-
therapy in the future. 

Drug-drug interactions with 
CYP2C19 inhibitors

There are various CYP2C19 in-
hibitors that may attenuate the anti-
platelet effects of clopidogrel. These 
include the proton pump inhibitors 
(PPIs) omeprazole and esomeprazole, 
the histamine H

2
-receptor antagonist 

cimetidine, and the selective serotonin 
reuptake inhibitor fluoxetine.25 

PPIs and clopidogrel. The 2008 
Expert Consensus Document on 

Reducing the Gastrointestinal Risk 
of Antiplatelet Therapy and NSAID 
Use recommended that patients on 
dual antiplatelet therapy receive PPI 
prophylaxis to decrease the risk of 
adverse gastrointestinal bleeding.26 

The isoenzyme CYP2C19 is in-
volved in the metabolism of PPIs, 
and multiple studies have shown 
that use of clopidogrel with PPIs, in-
creases the risk of adverse events.6,27-29 
Investigators in the Omeprazole 
Clopidogrel Aspirin (OCLA) study 
hypothesized that PPIs reduce the 
biologic action of clopidogrel.6 Pa-
tients undergoing stent implantation 
received clopidogrel (a 300-mg load-
ing dose followed by 75 mg/day) and 
aspirin (75 mg/day), and then were 
randomized to receive omeprazole 
(20 mg/day) or placebo. VASP phos-
phorylation analysis was performed 
on days 1 and 7 to measure platelet 
reactivity in approximately 125 
patients. A decrease in the platelet 
reactivity index was observed on 
day 7 in patients receiving omepra-
zole (39.8%) compared with that in 
patients receiving placebo (51.4%)  
(p < 0.0001).

A retrospective cohort study of 
more than 8000 ACS patients evalu-
ated outcomes in patients taking 
clopidogrel with or without a PPI 
following hospitalization.27 The main 
outcome measure was all-cause mor-
tality or hospitalization for ACS. Re-
sults showed that 63.9% of patients 
were prescribed a PPI at discharge, 
during follow-up, or both, while 
36.1% of patients were not prescribed 
a PPI. Use of clopidogrel with a PPI 
was associated with an increased risk 
of death or rehospitalization for ACS 
compared with the use of clopidogrel 
alone (adjusted odds ratio, 1.25; 95% 
confidence interval, 1.11–1.41), while 
clopidogrel without a PPI was associ-
ated with the lowest event rate. The 
authors concluded that the results of 
this study suggest that PPIs should be 
used in patients receiving clopidogrel 
who have a clear indication for PPI 
use and not for routine prophylaxis.

Po s t-ho c  a n a l y s i s  o f  t he  
TRITON-TIMI 38 and The Prasug-
rel in Comparison to Clopidogrel for 
Inhibition of Platelet Activation and 
Aggregation-Thrombolysis in Myo-
cardial Infarction 44 (PRINCIPLE-
TIMI 44) trial used a multivariate 
Cox model with propensity score 
to assess the association of PPI use 
with risk of clinical outcomes.28 In 
the PRINCIPLE-TIMI 44 trial, mean 
platelet aggregation was lower fol-
lowing a 600-mg loading dose of 
clopidogrel in patients receiving a 
PPI compared with those not receiv-
ing PPI therapy (p = 0.02). However, 
in patients receiving a 60-mg loading 
dose of prasugrel, a more modest 
difference was observed in mean 
platelet aggregation with or without 
a PPI (p = 0.054). In TRITON-TIMI 
38, 33% of patients were receiving 
PPI therapy at randomization. No 
association between PPI use and the 
risk of cardiovascular death, MI, 
or stroke was observed in patients 
receiving either clopidogrel or pra-
sugrel. According to the authors, the 
findings of this analysis do not sup-
port the need to avoid concomitant 
use of clopidogrel or prasugrel and 
PPIs when the agents are clinically 
indicated. 

The Clopidogrel and the Opti-
mization of Gastrointestinal Events 
(COGENT) trial, a multicenter, 
international, double-blind, double-
dummy, placebo-controlled, parallel 
group, Phase III efficacy and safety 
study, was the first prospective ran-
domized clinical trial to compare 
omeprazole with placebo in patients 
receiving clopidogrel.29 This trial was 
conducted to determine whether 
PPI therapy reduced important gas-
trointestinal (GI) events (e.g., upper 
GI bleeding, symptomatic upper 
GI bleeding, and pain of presumed 
GI origin with underlying multiple 
erosive disease) compared with pla-
cebo in patients on dual antiplatelet 
therapy (clopidogrel and aspirin). A 
secondary outcome measure of the 
trial was the occurrence of a cardio-
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vascular event in patients receiving 
clopidogrel and PPI therapy. The 
cardiovascular endpoint was a com-
posite of cardiovascular death, non-
fatal MI, ischemic stroke, or PCI or 
coronary artery bypass grafting.29 

The COGENT trial compared 
the use of GCT-2168, a fixed-dose 
combination of clopidogrel (75 mg) 
and omeprazole (20 mg), with clopi-
dogrel alone in patients requiring 
antiplatelet therapy with clopidogrel 
for at least 12 months, typically af-
ter non-ST segment elevation ACS, 
ST-segment elevation MI, or stent 
implantation. Patients were strati-
fied at baseline based on Helicobacter 
pylori serology (positive or negative) 
and concomitant use of any type 
of nonsteroidal anti-inflammatory 
drug (NSAID). This study enrolled 
approximately 3600 patients and was 
stopped early when the sponsor de-
clared bankruptcy.29 

Results from the COGENT trial 
were presented at the 2009 Tran-
scatheter Cardiovascular Therapeu-
tics (TCT) meeting. Preliminary 
analysis showed that the addition of a 
PPI to clopidogrel reduced the risk of 
GI events by 45% compared with the 
use of clopidogrel alone (p = 0.007).29 
The data from this trial also indicate 
that there is no clinically relevant 
adverse cardiovascular interaction 
between clopidogrel and PPIs, as 
the number of cardiovascular events 
was similar between the treatment 
(69 events) and placebo (67 events) 
groups.

Despite the findings from the 
COGENT trial, the Food and Drug 
Administration (FDA) issued a new 
public health warning regarding 
concomitant use of clopidogrel and 
omeprazole less than 2 months after 
the TCT meeting.30 Issued on No-
vember 17, 2009, this warning stated 
the following: 

New data show that when clopidogrel 
and omeprazole are taken together, 
the effectiveness of clopidogrel is 
reduced. Patients at risk for heart at-

tacks or strokes who use clopidogrel 
to prevent blood clots will not get the 
full effect of this medicine if they are 
also taking omeprazole. 

Clopidogrel labeling was also 
updated to include information re-
garding the drug-drug interaction 
between clopidogrel and omepra-
zole.23 The announcement from FDA 
was not anticipated by many health 
care professionals, especially since it 
came following presentation of the 
results from COGENT. Additional 
studies regarding the clopidogrel-PPI 
interaction are ongoing.31

Summary
Patients with ACS may experience 

a variety of adverse intracoronary 
thrombotic events. In-stent throm-
bosis is a significant complication 
after PCI. Independent predictors of 
stent thrombosis have been identified, 
with nonadherence to thienopyridine 
therapy considered a significant con-
tributor to DES thrombosis. Hypore-
sponsiveness to clopidogrel therapy 
may also lead to ischemic events, and 
it is important to identify patients 
who are not adequately protected 
by clopidogrel therapy. A number of 
methods are available for assessing 
the antiplatelet effects of clopidogrel. 
However, none of these tests has been 
standardized as a measurement for 
clopidogrel responsiveness. Although 
good results have been observed with 
the use of point of care methods, 
further evaluation is needed before 
determining the clinical utility of 
platelet function testing.

Several polymorphic CYP en-
zymes are involved in the activation 
of clopidogrel, and the activity of 
these enzymes may be affected by ge-
netic polymorphisms. Genetic vari-
ants, particularly the presence of the 
CYP2C19*2 allele, are associated with 
poor clinical outcomes following 
stent placement, along with increased 
ischemic events in clopidogrel-treated 
patients. In patients treated with 
prasugrel, the CYP2C19*2 allele does 

not appear to affect active drug me-
tabolite levels, platelet inhibition, or 
cardiovascular outcomes. These find-
ings may be useful for individual-
izing pharmacotherapy in the future.

Drug-drug interactions can oc-
cur in patients receiving clopidogrel 
and other CYP2C19 inhibitors. An 
increased risk of thrombotic events 
has been observed in some evalu-
ations of the concomitant use of 
clopidogrel and omeprazole and, 
to a lesser extent, some other PPIs, 
while other studies, including a large, 
prospective, randomized, clinical 
trial, have shown no increased risk 
of adverse events. FDA has issued 
a public health warning regarding 
concomitant use of clopidogrel and 
omeprazole.

It is important for health-system 
pharmacists to be knowledgeable 
about the adverse events that can 
occur in the treatment of ACS, the 
reasons for their occurrence, and the 
best options for preventing and man-
aging these events. 

Conclusion
Prevention and proper manage-

ment of adverse events can help to 
optimize outcomes in patients with 
ACS who have undergone PCI with 
stent placement.
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This case report discusses the 
presentation and management 
of an actual patient. Key pieces 

of identifying information have been 
changed, but the case itself has not 
been embellished in any way. This 
case illustrates some of the main 
clinical issues surrounding the selec-
tion and use of antiplatelet therapy in 
acute coronary syndrome (ACS). 

Case report
A 55-year-old woman arrived at 

the emergency department (ED) with 
a complaint of progressive substernal 
chest pain over the past 3 days. She 
stated that the pain began intermit-
tently following an unusually vigor-
ous workout. She initially believed 
that her pain was due to a musculo-
skeletal issue, which she treated with 
acetaminophen and nonsteroidal 
antiinflammatory drugs; she did not 
experience any relief. The patient 
became concerned when the pain 
began to worsen. She described the 
pain as dull and pressure-like with 
associated dyspnea and mild nausea. 
Before arriving at the ED, the pain 

Purpose: The case of a woman with pro-
gressive substernal chest pain is described.
Summary: A 55-year-old woman arrived 
at the emergency department (ED) with a 
complaint of progressive substernal chest 
pain. Her medical history included hyper-
tension and dyslipidemia. Upon arrival to 
the ED, the patient was free of chest pain. 
A chest x-ray was essentially unremark-
able, and nonspecific inferolateral electrical 
changes were observed on the initial elec-
trocardiogram (ECG). Initial laboratory test 
results were unremarkable, with the ex-
ception of the cardiac troponin level (0.23 
mg/L). However, the patient complained 
of recurrent chest pain, and an immediate 
repeat ECG showed fairly significant new 
ST-segment depression. The patient was 
diagnosed with non-ST-elevation acute 
coronary syndrome (ACS). She received 600 
mg of clopidogrel, along with i.v nitroglyc-
erin, and subsequently underwent cardiac 
catheterization. Orthogonal views of the 
left coronary system clearly showed a high-

grade lesion in the middle of the left ante-
rior descending (LAD) artery. Percutaneous 
coronary intervention (PCI) was performed 
on the mid-LAD lesion using bivalirudin for 
procedural anticoagulation, and a 3.0 x 18 
mm drug-eluting stent was implanted in 
the mid-LAD vessel. Brisk blood flow to the 
distal territory was observed at the conclu-
sion of the case. The patient remained as-
ymptomatic after PCI and was discharged 
on day 3 on several medications. 
Conclusion: Discussion of a patient with 
non-ST elevation ACS illustrates some of 
the clinical issues surrounding PCI and 
stent implantation, including selection and 
use of antiplatelet therapy. 

Index terms: Acute coronary syndrome; 
Angioplasty; Anticoagulants; Bivalirudin; 
Cardiac drugs; Clopidogrel; Diagnosis; 
Drugs; Electrocardiography; Nitroglycerin; 
Platelet aggregation inhibitors; Stents
Am J Health-Syst Pharm. 2010; 67(Suppl 
7):S25-7

was occurring at rest and each epi-
sode lasted up to 15 minutes.

The patient’s medical history 
included hypertension and dyslip-

idemia. She was taking amlodipine 
(10 mg/day) and hydrochloro-
thiazide (25 mg/day) to manage her 
hypertension, and her dyslipidemia 
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was being controlled with diet. The 
patient had been postmenopausal 
for a number of years and had no 
known drug allergies. She reported 
drinking alcohol socially and being 
a past smoker, and denied illicit drug 
use. The patient was married with 
two adult children and worked as 
a clinical coordinator at a medical 
institution.

Upon arrival to the ED, the pa-
tient was free of chest pain. She was 
anxious to be examined so she could 
go back to work. The physical exami-
nation was relatively unremarkable. 
Vital signs were as follows: tempera-
ture, 98.1 °F; pulse rate, 76 beats per 
minute; blood pressure, 148/90 mm 
Hg; and respiratory rate, 12 to 14 
breaths per minute. Notable findings 
during the examination included a 
flow murmur, 2/6 systolic ejection 
murmur, and 2+ pulses throughout 
with no edema. The patient was he-
modynamically stable throughout 
her time in the ED.

Initial laboratory testing included 
a complete blood cell count, com-
plete metabolic panel, and cardiac 
enzymes (creatine kinase, creatine 
kinase-MB, and cardiac troponin). 
The patient was given the equivalent 
of 325 mg of aspirin in chewable 
form (four 81 mg tablets). A chest 

x-ray and electrocardiogram (ECG) 
were also performed. 

Initial laboratory test results were 
essentially unremarkable, with the 
exception of the cardiac troponin 
level, which was 0.23 ng/L (upper 
limit of normal is 0.09 ng/L), reflect-
ing evidence of myonecrosis or ongo-
ing myocardial injury. The creatine 
kinase and creatine kinase-MB levels 
were within normal limits which is 
often the case on initial evaluation. 
On subsequent evaluations, increases 
in these levels were observed.

The chest x-ray was essentially 
unremarkable, with normal lung 
expansion, no infiltrates or edema, 
no evidence of cardiomegaly, and no 
visible vascular calcifications. The 
initial ECG results revealed nonspe-
cific inferolateral electrical changes: 
T wave inversion was noted in the 
inferior leads, and to a lesser degree, 
the lateral leads. Although not diag-
nostic for myocardial ischemia, these 
changes were nonetheless concern-
ing in a patient with no history of 
atherothrombosis or coronary artery 
disease. 

The patient complained of re-
current chest pain while speaking 
with the ED physician. She received 
sublingual nitroglycerin and unfrac-
tionated heparin (60 units/kg [5,000 

units total]). A repeat ECG was ob-
tained immediately, which showed 
fairly significant new ST-segment 
depression (Figure 1). 

Diagnosis and management
Based on the symptoms, labora-

tory test findings, and ECG results, 
the patient was given a diagnosis 
of non-ST-segment elevation ACS 
and was considered to be high risk. 
She received 600 mg of clopidogrel, 
which is the standard in both the ED 
and the catheterization laboratory at 
our institution, along with i.v. nitro-
glycerin. The patient reported sig-
nificant improvement in symptoms 
shortly thereafter.

The patient then underwent car-
diac catheterization. Orthogonal 
views of the left coronary system 
clearly revealed a high-grade lesion 
in the middle of the left anterior 
descending (LAD) artery (Figure 2). 
This artery coursed down the anteri-
or wall of the heart and supplied the 
entire myocardial mass of the ante-
rior wall. Good flow was observed 
distally, but experience and pub-
lished data have demonstrated that 
such lesions are often thrombus- 
laden, even though this may not be 
seen angiographically.1

Percutaneous coronary interven-
tion (PCI) was performed on the 
mid-LAD lesion using bivalirudin 
(direct thrombin inhibition) for pro-
cedural anticoagulation. Substantial 
improvement in flow was observed 
following balloon inflation. This 
patient was also studied using intra-
vascular ultrasound technology (Vir-
tual Histology, Volcano Therapeutics, 
Inc., Rancho Cordova, CA), which 
provided real-time, in vivo analysis 
of plaque composition. This study 
illustrated the presence of significant 
inflammation and cell death in the 
plaque at the site of vascular injury. 
A grayscale adaptation of a cross-
sectional, colorized tissue map is 
provided, revealing areas of necrotic 
core (Figure 3). Even though this was 
a very discrete lesion, which from 

Figure 1. Repeat electrocardiogram taken during chest pain demonstrating striking ST-
segment depression and inferolateral changes (arrows).
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an interventionalist’s perspective 
was relatively simple and technically 
straightforward, it bore recognition 
that the “culprit lesion” required 
both pharmacologic passivation 
and device-based reconstruction. A 
3.0 x 18 mm drug-eluting stent was 
implanted in the mid-LAD vessel, 
and brisk blood flow to the distal 
territory was observed at the conclu-
sion of the case. In the current U.S. 
treatment paradigm, drug-eluting 
stents are often used in patients who 
have ACS and ST-segment elevation 
myocardial infarction, with an at-
tendant recommendation of early 
and sustained (≥ 1 year) dual oral 
antiplatelet therapy. 

Following PCI, rapid peak and 
fall of cardiac biomarkers were noted 
and normal cardiac structure and 
function were observed on ECG. A 
fasting lipid panel revealed untreated 
dyslipidemia (total cholesterol, 276 
mg/dL; low-density lipoprotein 
cholesterol, 160 mg/dL; high-density 
lipoprotein cholesterol, 35 mg/dL; 
and triglycerides, 98 mg/dL). Statin 
therapy was prescribed. The patient 
remained asymptomatic after PCI 
and was discharged on day 3. She was 
discharged on the following medica-
tions: enteric-coated aspirin (81 mg/
day), clopidogrel (75 mg/day), amlo-
dipine (10 mg/day), extended-release 
metoprolol (50 mg/day), and ator-
vastatin (80 mg/day). The patient 
was doing well 6 months after PCI 
and stent implantation.

Conclusion
Discussion of a patient with non-

ST elevation ACS illustrates some 
of the clinical issues surrounding 
PCI and stent implantation, includ-
ing selection and use of antiplatelet 
therapy.
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Figure 2. Coronary angiogram shows a highly stenotic lesion in the mid‐portion of the 
left anterior descending artery.

Figure 3. This cross‐sectional, intravascular ultrasound‐derived tissue map demonstrates 
significant inflammation and cell death (regions coded black) at the site of plaque rup-
ture, most notably at the “shoulder” of the culprit lesion (inset image).
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Learning objectives

After studying these articles, the reader 
should be able to

1.	 Explain the role of the platelet in 
thromboembolism and the mecha-
nisms by which the various anti-
platelet agents protect against throm-
boembolic events.

2.	 Recommend appropriate antiplatelet 
therapy for a patient with non-ST-
segment elevation myocardial infarc-
tion (NSTEMI) scheduled for percu-
taneous coronary intervention (PCI), 
as recommended by the American 
College of Cardiology and American 
Heart Association (ACC/AHA) treat-
ment guidelines.

3.	 Compare current and emerging oral 
antiplatelet strategies for long-term 
protection against risk of throm-
boembolic events in patients with 
acute coronary syndromes (ACS), 
including recommended dosage and 
duration of therapy.

4.	 Recognize the complications that can 
occur in ACS patients post-PCI and 
determine how to prevent, detect, and 
manage these events.

5.	 Describe the methods used to assess 
antiplatelet effects of oral antiplatelet 
agents and ways to reduce the rate of 
platelet resistance.

6.	 Identify the role of health-system 
pharmacists in the prevention and 
management of ACS.

Self-assessment questions

For each question there is only one best 
answer.

1.	 The most correct statement about 
platelet aggregation is

a.	 Platelet aggregation is a simple, 
straightforward process associ-
ated with clotting only.

b.	 Platelet aggregation is a simple, 
straightforward process involv-
ing inflammation and clotting.

c.	 Platelet aggregation is a complex 
cascade of events involving 
multiple factors and distinct 
mechanisms.

d.	 Depending on the patient, plate-
let aggregation can be either a 
simple, straightforward process 
involving only clotting or a com-
plex cascade of events involving 
multiple factors and distinct 
mechanisms.

2.	 Following an acute thrombotic 
event, subendothelial collagen is 
exposed to the bloodstream, and 
when platelets come into contact 
with collagen they 

a.	 Combine with the collagen and 
uncontrolled bleeding occurs.

b.	 Rapidly multiply and uncon-
trolled bleeding occurs.

c.	 Become activated.
d.	 Become inactivated.

3.	 In patients with ACS, clinical pre-
sentation is largely determined by 

a.	 The extent of thrombosis 
and the degree of blood flow 
obstruction.

b.	 The age of the patient.
c.	 A patient’s partial thromboplas-

tin time
d.	 The patient’s ADP level.

4.	 Which of the following plays a key 
role in platelet activation, confor-
mational activation of a variety 
of other receptors, and mediation 
of the glycoprotein (GP) IIb/IIIa 
receptor complex?

a.	 Cyclooxygenase (COX)-1  
inhibitor.

b.	 P2Y12 receptor. 
c.	 ADP receptor antagonist
d.	 GP IIb/IIIa receptor complex.

5.	 The most correct statement about 
ticagrelor is that it:

a.	 Irreversibly binds to the P2Y12 
receptor.

b.	 Is a prodrug.
c.	 Is a COX-1 inhibitor.
d.	 Is a directly active reversible 

P2Y12 inhibitor.

6.	 In ACS patients, the gold standard for 
reducing cardiovascular events has 
been dual antiplatelet therapy with 

a.	 Ticlopidine and aspirin.
b. 	Clopidogrel and eptifibatide.
c.	 Clopidogrel and aspirin.
d.	 Cilostazol and aspirin. 
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7.	 In  ST-segment elevation myocar-
dial infarction (STEMI) patients 
undergoing planned PCI, the load-
ing dose of prasugrel recommended 
by the 2009 joint ACC/AHA/SCAI 
STEMI/PCI focused update guide-
lines is

a.	 40 mg.
b.	 60 mg.
c.	 150 mg.
d.	 300 mg.

8.	 In patients undergoing coronary 
artery bypass grafting, clopidogrel 
should be withheld for at least

a.	 24 hours.
b.	 48 hours.
c.	 72 hours.
d.	 5 days.

9.	 Following PCI and placement of a 
paclitaxel stent, the 2007 ACC/AHA 
guidelines for the management of 
unstable angina (UA)/NSTEMI 
recommend continuation of 162 to 
325 mg/day of aspirin for at least

a.	 1 month.
b.	 3 months.
c.	 6 months.
d.	 12 months.

10.	 Subgroup analyses of the CREDO 
trial, which evaluated the timing of 
an oral antiplatelet agent loading 
dose administration prior to PCI 
and its impact on patient outcomes, 
found that

a.	 A longer interval between the 
loading dose and PCI may re-
duce the incidence of death and 
ischemic events.

b.	 A shorter interval between the 
loading dose and PCI may re-
duce the incidence of death and 
ischemic events.

c.	 A longer interval between the 
loading dose and PCI may 
reduce the incidence of death 
but increase the incidence of 
ischemic events.

d.	 A shorter interval between 
the loading dose and PCI may 
reduce the incidence of death 
but increase the incidence of 
ischemic events.

11.	 Using clopidogrel at a loading dose 
of 300 to 600 mg, steady-state levels 
of platelet aggregation occur within

a.	 1 to 2 hours.
b.	 4 to 24 hours.
c.	 2 to 3 days.
d.	 4 to 7 days.

12.	 The TRITON-TIMI 38 trial com-
paring clopidogrel (300 mg loading 
dose, followed by 75 mg daily) with 
prasugrel (60 mg loading dose, fol-
lowed by 10 mg daily) showed that 
prasugrel produced

a.	 Less protection against ischemic 
events, with more bleeding risk 
than clopidogrel.

b.	 Similar protection against isch-
emic events and less bleeding 
risk than clopidogrel.

c.	 Greater protection against isch-
emic events, with less bleeding 
risk than clopidogrel.

d.	 Greater protection against isch-
emic events, with more bleeding 
risk than clopidogrel.

13.	 The ongoing TRILOGY ACS study 
is recruiting patients to evaluate the 
relative efficacy and safety of

a.	 Prasugrel (30 mg loading dose, 
5 or 10 mg/day maintenance 
dosage) and clopidogrel (300 mg 
loading dose, 75 mg/day mainte-
nance dosage).

b.	 Prasugrel (40 mg loading dose, 
15 mg/day maintenance dosage) 
and clopidogrel (600 mg loading 
dose, 150 mg/day maintenance 
dosage).

c.	 Ticagrelor (25 mg loading dose, 
10 mg/day maintenance dosage) 
and clopidogrel (300 mg loading 
dose, 75 mg/day maintenance 
dosage).

d.	 Ticagrelor (40 mg loading dose, 
10 mg/day maintenance dosage) 
and clopidogrel (600 mg loading 
dose, 150 mg/day maintenance 
dosage).

14.	 The PLATO trial compared the 
investigational drug ticagrelor with

a.	 Cilostazol.
b.	 Clopidogrel.
c.	 Prasugrel.
d.	 Eptifibatide.

15.	 Which of the following factors has 
been associated with the highest 
rate of stent thrombosis in a patient 
with ACS who received a drug-
eluting stent during PCI?

a.	 Renal failure.
b.	 Diabetes mellitus.
c.	 Premature antiplatelet  

discontinuation.
d.	 Unstable angina.

16.	 The most correct statement regard-
ing the metabolism of prasugrel is:

a.	 One cytochrome P450 (CYP)-
dependent oxidation step that 
involves various CYP isoen-
zymes is required to generate the 
active compound of prasugrel.

b.	 A two-step process that in-
volves the CYP2B6 isoenzyme is 
required to generate the active 
compound of prasugrel.

c.	 A two-step process that involves 
a variety of CYP isoenzymes is 
required to generate the active 
compound of prasugrel.

d.	 A three-step process that in-
volves the CYP2C19, CYP3A4, 
and CYP2B6 isoenzymes is 
required to generate the active 
compound of prasugrel.

17.	 The most correct statement regard-
ing the effect of clopidogrel dosing 
on the rate of hyporesponsiveness is 
that:

a.	 The rate of hyporesponsiveness 
is not affected by the dose of 
clopidogrel.

b.	 The rate of hyporesponsiveness 
is lower with a 600 mg loading 
dose compared with a 300 mg 
loading dose.
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c.	 The rate of hyporesponsiveness 
is significantly lower with a 300 
mg loading dose compared with 
a 600 mg loading dose.

d.	 The rate of hyporesponsiveness 
is only affected when low-dose 
clopidogrel (150 mg) is used in 
combination with a GP IIb/IIIa 
inhibitor.

18.	 With the P2Y12 point-of-care assay, 
which of the following agonists is 
used to induce platelet activation 
and determine the level of platelet 
reactivity impairment?

a.	 VASP.
b.	 GP IIb/IIIa.
c.	 Collagen.
d.	 ADP.

19.	 The wild type CYP2C19*1/*1 allele, 
which is associated with a higher 
degree of extensive metabolic acti-
vation, has been found with greater 
frequency in which ethnicity?

a.	 Caucasians.
b.	 Native Americans.
c.	 African Americans.
d.	 Asians.

20.	 Concomitant use of clopidogrel and 
a CYP2C19 inhibitor may

a.	 Augment the antiplatelet effects 
of clopidogrel.

b.	 Augment the effects of the 
CYP2C19 inhibitor.

c.	 Attenuate the antiplatelet effects 
of clopidogrel.

d.	 Attenuate the effects of the 
CYP2C19 inhibitor.
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